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EXECUTIVE  SUMMARY 

The  Ball-Bartoe  ‘‘Jetwlng’’  Is  a  single  engine  upper  surface  bloving  (USB)  concept  which  achieves 
supercirculation  lift,  thrust,  and  a  reduction  In  Induced  drag  by  ducting  all  engine  air  through  the 
leading  edge  of  the  wing  and  ejecting  it  over  the  top  surface  through  a  slot  nozzle.  This  nozzle  is 
located  at  approximately  30  percent  of  the  chord  and  extends  along  about  70  percent  of  the  wing 
span.  A  Coanda  flap  of  55  degrees  extension  capability  is  mounted  at  the  trailing  edge  of  the  blown 
portion  of  the  wing.  In  addition  to  the  main  wing,  a  smaller  wing  panel  is  mounted  above  the  slot 
nozzle.  The  air  passage  between  the  main  wing  and  the  smaller  upper  wing  acts  as  an  ejector  to 
increase  exhaust  mass  flow.  The  concept  may  be  used  with  or  without  the  upper  wing.  A  thrust 
reversing  method  is  also  Incorporated  into  the  concept.  The  thrust  is  reversed  by  rotating  the  top 
of  the  slot  nozzle  so  as  to  close  the  nozzle  and  open  n  reverse  flow  path. 

The  "Jetwing”  concept  has  been  incorporated  into  a  research  airplane.  The  Jetwing  aircraft  is  a 
single  seat,  jet  aircraft  of  conventional  design  powered  by  a  Pratt  and  Whitney  of  Canada  JT15D-1 
turbofan  engine  of  2200  pounds  static  thrust.  The  aircraft  has  a  wing  span  of  21.75  feet,  a  wing 
area  of  105.6  square  feet,  and  a  maximum  gross  weight  of  3750  pounds. 

This  report  covers  the  results  of  a  flight  tost  program  with  the  upper  wing  removed,  a  measure¬ 
ment  of  flyover  noise  with  and  without  the  upper  wing,  and  the  results  of  an  analytical  study  into 
methods  for  predicting  the  Jetwlng  aerodynamic  coefficients.  A  comprehensive  flight  test  program 
with  the  upper  wing  installed  was  previously  conducted  under  a  separate  effort.  Both  programs 
were  conducted  for  Naval  Air  Systems  Command  by  the  University  of  Tennescoe  Space  Institute. 
The  purpose  of  these  efforts  was  to  validate  the  NASA  Ames  Research  Center  full  scale  wind  tunnel 
data  on  the  aircraft  by  flight  test,  develop  methods  for  predicting  aerodynamic  coefficients  for  such 
a  concept,  and  to  obtain  performance,  stability,  control,  and  noise  data  sufficient  to  evaluate  the 
Jetwlng  concept  for  future  application  to  other  flight  vehicles. 

Test  results  show  an  excellent  agreement  between  the  flight  test  and  wind  tunnel  in  all  items 
except  lift  coefficient  versus  angle  of  attack,  The  disagreement  between  wind  tunnel  and  flight  test 
on  this  item  was  most  likely  due  to  measurement  inaccuracies  in  the  flight  test,  and  the  round  about 
data  reduction  method  required  to  extract  flight  tost  data  for  comparison. 

The  test  results  also  show  significant  differences  between  the  performance  and  handling  qualities 
of  the  aircraft  with  and  without  the  upper  wing.  The  configuration  without  the  upper  wing  is  superior 
from  both  the  performance  and  handling  qualities  standpoint.  The  reason  for  these  differences  Is  not 
fully  understood,  but  it  is  foil  to  be  a  function  of  both  the  zero  lift  drag  Increase  and  the  increase  in 
thickness  of  the  USB  jet  with  the  upper  wing  Installed.  The  question  concerning  USB  jet  thickness 
also  has  Implications  for  USB  configurations  other  than  the  Jetwing, 

The  flyover  noise  levels  of  the  Jotwing  airplane  are  very  low  with  the  aircraft  noiso  disappearing 
into  the  background  noise  in  a  light  wind.  Aircraft  configuration  did  not  appear  to  have  significant 
effect  upon  these  levels,  Such  low  noise  levels  has  Important  significance  for  military  airplanes, 
particularly  those  involved  in  ground  attack. 

Results  of  the  analytical  study  showed  that  lift  and  oxccss  thrust  (or  drag)  coefficients  could  be 
predicted  with  reasonable  accuracies  using  relatively  simple  methods.  Pitching  moment  coefficient 
was  more  difficult  to  predict  using  simple  methods,  and  will  probably  require  use  of  the  more  complex, 
panel  or  vortex  lattice,  methods. 
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CLPa 

ClT6 

Cm 

C'm 

CM 


Three-dimensional  lift  coefficient 

Two-dimensional  lift  coefficient  due  to  basic 
aerodynamic  pressure  lift 

Three-dimensional  lift  coefficient  due  to  basic 
aerodynamic  pressure  lift 

Two-dimensional  lift  coefficient  due  to  jet  induced 
effects  (supercirculation  -f~  Jet  momentum) 

Two-dimensional  lift  coefficient  due  to 
supercircuiation 

Three-dimensional  lift  coefficient  due  to 
supercircuiation 

Derivative  of  two-dimensional  lift  coefficient 
with  respect  to  a 

Derivative  of  two-dimensional  lift  coefficient 
with  respect  to  6p 

Derivative  of  three-dimensional  aerodynamic 
pressure  lift  coefficient  with  respect  to  a 

Derivative  of  three-dimensional  aerodynamic 
pressure  lift  coefficient  with  respect  to  5p 

Derivative  of  three-dimensional 
supercircuiation  lift  coefficient  with  respect  to  a 

Derivative  of  three-dimensional 
supercircuiation  lift  coefficient  with  respect  to  6/ 

Pitching  moment  coefficient  based  on  actual 
airfoil  chord 

Pitching  moment  coefficient  based  on 
equivalent  airfoil  chord 

Pitching  moment  coefficient 
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DEFINITION 


CT 

c.g. 

CTOL 

Do 

dB 

FtAonCj) 


Fa 

Fas 

G 

S 

G(A,C}) 


HP 

H. 

ITT 


J 

JT15D-1 

k 

K3AS 

KCAS 

KTAS 

LU 


Thrust  coefficient 

Aircraft  center  of  gravity 

Conventional  Takeoff  and  Landing 

Fourier  coefficient  for  6  dependent 
supercirculation  lift  term 

Decibel,  unit  for  sound  pressure  level 

Function  for  3-D  correction  of  2-D  formulae 
(Spence) 

Gross  thrust 

Standardized  or  weight  corrected  gross  thrust 

Subfunction  of  F(A,  t)Cj) 

Acceleration  due  to  gravity 

Function  for  3-D  correction  of  2-D  formulae 
(Williams) 

Pressure  altitude 

Herz,  cycles  per  second 

Interstage  turbine  temperature 
of  the  turbofan  engine 

Jet  momentum  per  unit  span  (MjVj) 

The  Pratt  and  Whitney  of  Canada 
designation  for  the  turbofan  engine 
installed  in  the  JETWING  aircraft 

Factor  to  adjust  nonideal  induced  drag  term 

Knots  indicated  airspeed 

Knots  calibrated  airspeed 

Knots  true  airspeed 

Lift  generated  by  two-dimensional  jet  flap 
alone 
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DEFINITION 


M 

Mpu 

Mi 

MAC. 
MS  L 
Ny 
iV2 

NASA 

NBS 

OA.T.( 

P 

Pa 

Pit 

Ap 

7 

QSRA 

r 

RD 

5 

S' 

SPL 


Pitching  moment  of  an  airfoil  section 

Pitching  moment  of  fuselage 

Rate  of  mass  flow  for  the  jet  blowing  on 
airfoil 

Mean  aerodynamic  chord 
Mean  sea  level 

Main  rotor  speed  of  the  turbofan  engine 

Gas  generator  rotor  speed  of  the  turbofan 
engine 

National  Aeronautics  and  Space 
Administration 

National  Bureau  of  Standards 

Indicated  ambient  air  temperature 

Ratio  of  e  to  c' 

Ambient  static  pressure 

Total  pressure  at  the  engine  exhaust  nozzle 

Differential  pressure 

Dynamic  pressure 

NASA  Quiet  Shorthaul  Research  Aircraft 
Factor  to  account  for  nonidoal  Jet  blowing 
Relative  distance 
Wing  reference  area 

Portion  of  wing  reference  area  with  blowing 
Sound  pressure  level 
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STOL  Short  Take-Off  and  Landing 

t  Time 


Ta 

T. 

tic 

USB 

UTSI 

V 

Vo 


VE 

Vew 

Vi 

Vr 

Vi 

Vr 

W 

WE 

Ws 


Observed  ambient  air  temperature 

The  standard  temperature  at  the 
test  pressure  altitude 

Thickness  to  chord  ratio  of  airfoil  section 

Upper  Surface  Blowing 

The  University  of  Tennessee  Space  Institute 

Airspeed 

Calibrated  airspeed,  or  the  Indicated 
airspeed  corrected  for  Instrument 
and  position  error 

Equivalent  airspeed  -  the  calibrated 
airspeed  corrected  for  compressibility 

The  equivalent  airspeed  corrected 
for  nonstandard  aircraft  weight 

Indicated  airspeed 

Indicated  airspeed  corrected  for 
Instrument  error 

Jet  blowing  velocity  at  any 
spanwlse  station 

True  airspeed  •  the  equivalent,  airspeed 
corrected  for  air  density 

Aircraft  weight 

The  aircraft  empty  weight 

The  aircraft  standard  weight  - 
3600  lbs.  for  the  JETWING 
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DEFINITION 


WT 

x 

V 

YC-14 

z 

a 

a* 

a  < 

1 

-7# 

6 

«. 

6. 

5 p 

6j 


The  aircraft  weight  at  the  time 
of  the  test  data  point 

Distance  from  the  leading  edgo 
along  airfoil  chord 

COS^i 

Boeing  prototype  Advanced  Medium 
Shorthaul  Transport  aircraft 

Distance  of  the  leading  edge  of  airfoil 
section  from  the  datum  line  about  which 
pitching  moment  Is  desired 

Geometric  angle  of  attack 
(includes  zero  lift  angle  of  attack 
in  Prediction  Methods  1  and  3) 

Effective  angle  of  attack  of  airfoil 
section 

Induced  angle  of  attack  for  airfoil 
section 

Flight  path  angle,  or  angle  of 
climb  or  descent 

(Also,  circulation  on  ohordwlse  elements 
of  airfoil  section  in  Prediction  Method  3) 

Flight  path  anglo  corrected  to 

sea  level  conditions  and  standard  weight 

Flap  (and/or  jet)  deflection  angle 
with  respect  to  airfoil  chord  line 

The  aileron  deflection  angle 

Elevator  deflection  angle 

Flap  deflection  angle  with  respect  to  airfoil 
chord  line 

Jet  deflection  augie  with  respect  to  airfoil 
chord  line 
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DEFINITION 


* 

«r» 

6r 

&rtv 

6, 

ACdp 

e 

i h 
to 
to 

K 

X 

V 


Jet  deflection  angle  with  respect  to  flap 
chord  line 

Leading  edge  flap  deflection  angle 
with  respect  to  airfoil  chord  line 

Rudder  deflection  angle 

Position  of  thrust  reveraer 

The  horizontal  stabilizer  deflection 
angle 

Drag  increment  due  to  non-elliptic 
spanwise  lift  distribution 

Aircraft  pitch  angle; 

angle  between  longitudinal  reference 

axis  and  the  horizon 

Angular  coordinate  for  elements  of  airfoil 
including  mechanical  and  jet  flap 

Trailing  edge  coordinate  of  trailing 
edge  mechanical  flap 

Hinge  line  coordinate  of  trailing 
edge  mechanical  flap 

Hinge  line  coordinate  of  leading 
edge  flap 

Factor  for  adjustment  of  induced 
drag  difference 

Factor  for  adjustment  of  partial 
span  blowing  for  <5  dependent  terms 

Factor  for  adjustment  of  partial 
span  blowing  for  a  dependent  terms 

Quadrature  constant.  (3.1-115927) 


a 


Subfunction  of  CJ(A,  )  (Wllllnms)  or 
F(A,t)Cj)(  Wertz) 


XV 
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DEFINITION 


Turning  efficiency  factor 
Subfunction  of  c r 

Function  of  flap  to  wing  chord  ratio 


INTRODUCTION 


.  •  This  report  covers  the  results  of  a  two  part  resoarch  effort  on  the  Ball-Bartoe  “Jetwlng" 
propulsive  lift,  concept.  This  effort  was  conducted  by  the  University  of  Tennessee  Space  Institute, 
Tullahoma,  Tennessee  for  the  Advanced  Aircraft  Development  and  Systems  Objectives  Office  (AIR- 
03PA)  of  Naval  Air  Systems  Command  under  Contract  Number  N00019-81-C-0508. 

The  first  part  of  the  effort,  which  is  covered  in  Part  I  of  this  report,  was  a  follow  on  to  a 
previous  effort  conducted  under  Naval  Air  Systems  Command  Contract  Number  N00019-80-C-0126 
and  reported  in  UTS1  Report  81-1  [1].  The  effort  reported  herein  consisted  of  a  performance  flight 
test  with  the  upper  wing  (ejector  wing)  removed,  and  flyover  nolBe  measurements  with  and  without 
the  upper  win,.  *>rformance,  Stability  and  Control  flight  test  with  the  upper  wing  Installed  were  a 
part  of  the  i<rov.'o.-i  effort, 

The  second  part  of  the  effort  consisted  of  an  analytical  study  to  develop  a  method,  or  mothods, 
to  predict  the  aerodynamic  coefficients  of  a  Metwlng"  configured  aircraft.,  Those  coefficients  would 
be  of  sufficient  accuracy  for  use  In  preliminary  design  studies.  The  results  of  this  analytical  effort 
arc  reported  In  Part  II  of  this  report. 

Results  of  both  the  flight  test  and  analytical  effort  are  compared  to  full  scale  test  results  of 
the  research  aircraft  In  the  NASA  Ames  Research  Center  40*  x  80'  wind  tunnel  with  the  aim  of 
evaluating  the  Jotwing  concept  for  applications  to  future  flight  vehicles.  ^ — 
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SECTION  I 
INTRODUCTION 

This  section  of  the  report  covers  the  flight  testing  of  the  Ball-Bartoe  “Jetwing"  Research  Aircraft 
with  the  upper  wing  removed.  The  purpose  of  these  tests  was  to  evaluate  the  Jetwing  powered  lift 
concept  for  future  application  to  other  flight  vehicles  by: 

1.  Obtaining  performance  and  C i  vs.  o  data  with  the  upper  wing  removed  sufficient  to  validate 
the  NASA  Ames  Research  Center  40*  z  8 O'  wind  tunnel  data  for  this  configuration, 

2.  Obtaining  flyover  noise  data  in  several  configurations  of  gear,  flaps  and  power  setting  with 
and  without  the  upper  wing  Installed. 

Flight  tests  were  started  on  October  30,  1981  and  completed  on  August  30,  1982.  A  total  of 
52  flights  wore  flown  for  37.2  flying  hours  to  accomplish  the  test  objectives,  All  tost  objectives  were 
met  and  the  results  are  given  in  Section  V  of  tills  part  of  the  report. 

Flight  testing  of  the  aircraft  with  the  upper  wing  Installed  was  conducted  under  Naval  Air 
Systems  Command  Contract  N00019-80-C-0126  and  reported  In  [1], 
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SECTION  n 

DESCRIPTION  OF  THE  TEST  ARTICLE 


DESCRIPTION 

The  Jetwing  STOL  research  aircraft  Is  a  single  engine,  single  seat,  upper  surface  blowing  (USB) 
powered  lift,  jet  aircraft  with  conventional  landing  gear  (Figures  1  and  2).  Figure  3  Is  a  three 
view  drawing  of  the  aircraft  showing  Its  general  arrangement.  Table  [1]  lists  other  pertinent  design 
features  and  dimensions. 

The  powered  lift  concept  used  on  the  Jetwing  aircraft  allows  upper  surface  blowing  (USB)  from  a 
single  jet  engine.  Upper  surface  blowing  has  previously  been  limited  to  multi-engine  configurations 
such  as  Boeing  YC-14  and  NASA  Quiet  Shorthaul  Research  Aircraft  (QSRA).  In  the  “Jetwing" 
concept  USB  Is  achieved  from  a  single  engine  by  ducting  all  engine  air  (both  from  by-pass  and  core 
exhaust)  to  a  slot  nozzle  on  the  upper  surface  of  the  wing.  The  nozzle  Is  located  at  approximately 
30-40  percent  of  the  wing  chord  and  extends  along  approximately  70  percent  of  the  wing  span.  The 
fan  by-pass  air  Is  ducted  to  the  outboard  portion  of  the  wing  while  the  core  exhaust  Is  ducted  to 
the  Inboard  portion  of  the  wing  as  Is  shown  In  Figure  4.  Located  above  the  nozzle  is  a  separate,  and 
much  smaller  wing  surface.  The  purpose  of  this  surface  Is  to  act  as  an  ejector  or  thrust  augumentor. 
A  Goanda  type,  single  element  flap  Is  located  at  the  trailing  edge  of  the  wing  along  the  portion  of 
the  wing  span  covered  by  the  nozzle.  A  two-dimensional  sketch  of  the  arrangement  Is  shown  in 
Figure  5. 

The  conoept  may  be  used  with,  or  without,  the  smaller  upper  wing  surface  which  wind  tunnel 
tests  have  shown  to  have  negligible  olfect  on  powered  lift  capabilities  (Soo  Figures  0  and  7),  All 
testing  reportod  heroin  was  conducted  with  the  upper  wing  removed  as  shown  In  Figure  1. 

Incorporated  Into  the  fan  by-pass  air  nozzle  is  a  thrust  reverser  which  is  oporntod  as  is  shown 
In  Figure  8. 

Since  the  USB  covers  such  a  large  portion  of  the  wing  spun,  a  separate  bleed  air  system  for  the 
ailerons  Is  not  required. 


FIGURE  2 

THREE  QUARTER  FRONT  VIEW  JETWING  RESEARCH  AIRCRAFT 
(WITH  UPPER  WING  REMOVED) 
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TABLE  I 

JETWING  PHYSICAL  DESCRIPTION 


Power pi ant 


Rated  Takeoff  Thrust 


Rated  Maximum 
Continuous  Thrust 

Maximum  Continuous 
Thrust  as  Installed  In 
Jetwing  Aircraft 

Fuel  Capacity 

Maximum  Takeoff 
Gross  Weight 

Empty  Weight 

Ballast 

Center  of  Gravity  Location 
with  Ballast,  Pilot  and 
Full  Fuel 

Wing  Airfoil  Section 


Wing  Span 

Wing  Area 

Aspect  Ratio 

Mean  Aerodynamic  Chord 

Taper  Ratio 

Wing  Incidence 


Pratt  &  Whitney  JT15D-1 
Turbofan 

2200  LB.  Static  Thrust  @  Sea  Level 

Standard  Conditions  (Uninstalled) 

2050  LB.  Static  Thrust  @  Sea  Level 

Standard  Conditions  (Uninstalled) 

1750  LB.  Static  Thrust  @  Sea  Level 
Standard  Conditions 


106  Gal. 
3750  LB. 


2330  LB.  Without  Ballast 
412  LB. 

35.5%  M.A.C . 


NACA  23020  Modified  at  Root 
NACA  23015  at  Tip 

21 .75  FT 

105.6  FT2 


5.08  FT 


0°  Root 
0°  Tip 
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Upper  Wing  Airfoil  Section 

Clark  Y-12* **  Thickness 

Upper  Wing  Span 

15.1  FT 

Upper  Wing  Area 

23.16  FT2 

♦Upper  Wing  Vertical  Position 
Relative  to  Main  Wing 

Measured  at  Trail  1 ng 

Edge  of  Upper  Wing  at 
the  Inboard  Support  Fairing 

♦♦Position  #1 

5.437  IN 

Position  #2 

7.625  IN 

Position  #3 

6.531  IN 

Incidence  Angle  With 

Lower  Wing  Chord 

Approximately  5° 

Aileron  Type 

Setback  Hinge 

Aileron  Span 

35.75  IN  Each 

Aileron  Area 

3.44  FT2  Each 

Aileron  Deflection 

+  25° 

Flap  Type 

Coanda  Single  Element 

Flap  Span 

69  IN  Each 

Flap  Area 

10.6  FT2  Each 

Flap  Deflection 

0°  to  55° 

Horizontal  Tail 

Airfoil  Section 

8%  Thick  Symmetrical 

Horizontal  Tail  Span 

9.33  FT 

*See  Reference  [1]  for  Internal  Dimension  of  Ejector  and  Area  Ratios 

**Posit1on  Used  for  the  Flight  Tests  Reported  in  Reference  [1] 
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Horizontal  Tall  Area 

Horizontal  Tall  Aspect  Ratio 

Horizontal  Tall  Volume  (\?H) 

Elevator  Area 

Elevator  Deflection 

Horizontal  Stabilizer 
Trim  Deflection 

Vertical  Tall 
Airfoil  Section 

Vertical  Tall  Span 

Vertical  Tall  Area 

Vertical  Tall 
Aspect  Ratio 

Vertical  Tall  Volume  (7y) 

Rudder  Area 

Rudder  Deflection 

Engine  Exhaust  Nozzle  Area 
(at  top  surface  of  wing) 

Fan  Duct  Total 

Gas  Generator  Duct  Total 

Aircraft  Length 

Aircraft  Height 

Construction 

Fuselage 

Wing 

Tall 


27.5  FT2 
3.16 
0.74 

13.25  FT2 
+29°  to  -25° 

+20°  to  -2° 

8%  Thick  Symmetrical 

5.67  FT 
18.33  FT2 
1.75 

0.115 
8.06  FT2 
+  20° 

156.2  IN2 
96.3  IN2 

28.6  FT 
6.1  FT 

Welded  Steel  Tube  Truss 
Covered  With  Titanium  and 
A1  uminum 

Built  up  Aluminum  and  Titanium 
Built  up  Aluminum 
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Landing  Gear 
Egress  System 

Longitudinal  Control  System 

Longitudinal  Trim 

Directional  Control  System 

Lateral  Control  System 

Moments  of  Inertia  and 
Component  Weights 


Conventional,  Retractable 
None 

Reversible  With  Pushrod  Linkage 
to  Elevator 

Electrically  Actuated  Trimmable 
Stabilizer 

Reversible  With  Cable  Linkage 
to  Rudder 

Reversible  With  Pushrod  Linkage 
to  Ailerons 


See  Reference  [1] 


Upper  Wing  @  #1 ,  6  =  0,c.g.  @  .33c 


FIGURE  6 

WITH  UPPER  WING  INSTALLED 


Internal  Ducts 


•N  \ 


FIGURE  8  TWO-DIMENSIONAL  VIEW  OF  JETWING  CONCEPT 
WITH  THRUST  REVERSER  DEPLOYED 
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SECTION  in 
TEST  PROCEDURES 

The  test  procedure  used  to  accomplish  this  effort  followed  standard  Sight  test  practice  except 
as  required  to  account  for  flight  safety  and  test  vehicle  limitation. 

The  aircraft's  aerodynamic  configuration  during  these  tests  was  the  samo  as  that  tested  in  the 
wind  tunnel  at  Ames  Research  Center  (upper  wing  removed)  except  for  changes  necessary  to  Instnll 
flight  test  instrumentation, 

Prior  to  collecting  flight  test  data  the  aircraft  configuration  was  defined  in  detail.  During  testing 
a  configuration  log  was  maintained  which  recorded  all  changes  mado  to  the  aircraft  configuration 
Including  Instrumentation  and  flight  trim  adjustments.  This  log  was  cross-referenced  with  alroraft 
flight  number  so  that  It  was  possible  to  determine  the  exact  configuration  during  any  test  flight. 

For  performance  testing  the  aircraft  loading  was  3601  lbs.  gross  weight  with  the  center  of 
gravity  at  3S.17  percent  M.A.C.  This  loading  Is  equidistant  between  the  two  e.g.'s  tested  in  the  wind 
tunnel. 

Prior  to  the  start  of  testing  the  actual  aircraft  weight  and  c.g.  was  determined  by  weighing 
the  aircraft  with  pilot,  fuel  load  and  ballast  on  board,  This  weight  and  c.g.  was  used  as  a  basis  for 
calculation  of  test  weight  and  c.g,  position  for  data  reduction. 

PERFORMANCE  FLIGHT  TESTS,  Tho  tost  procedures  used  for  measuring  the  performance 
of  the  Jetwing  with  the  upper  wing  removed  were  essentially  the  same  as  those  used  during  testing 
under  contract  N00019-81-C-0128  and  reported  In  (1),  This  procedure  was  to  perform  sawtooth 
climbs,  and  descents,  at  various  airspeeds  and  power  settings  In  order  to  dovelop  a  map  of  flight 
path  nngle  (q)  and  equivalent  airspeed  (V#)  which  defined  the  aircrafts  performance  onvelope  for  a 
given  configuration.  Sawtooth  climbs  or  descents  were  performed  In  10  to  15  knots  Increments  In 
the  following  speed  range  nud  configuration. 

SPEED  RANGE  CONFIGURATION 

Gear  and  Flaps  up 
Gear  down  .Flaps  15° 

Gear  down,  Flaps  30° 


t.  MM  70  knots 

2.  10-120  knots 

3,  50-120  knots 


Each  speed  range  was  repeated  at  four  power  settings,  when  practical,  which  approximated  the 
following  values  of  gross  thrust: 

1.  Maximum  Available  thrust 

2.  1000  lbs. 

3.  500  lbs. 

4.  Idle  Thrust 

Test  altitude  was  varied  depending  upon  the  thrust  level  required.  Maximum  available  thrust  testing 
began  at  approximately  2000  ft.  pressure  altitude.  Since  the  data  reduction  method  reduced  all  datn 
to  a  sea  level  standard  condition,  test  altitude  was  not  critical  except  for  obtaining  maximum  thrust. 

Two  climbs,  or  power  Idle  descents,  were  done  crosswind  in  opposite  directions  for  each  data 
point.  An  average  of  the  two  climbs  was  used  In  determining  the  data  point  to  reduce  wind  created 
errors.  During  each  climb  the  following  data  were  recorded  at  30  second  Intervals: 

1.  Fuel  Remaining,  for  determination  of  test  weight  (Wr) 

2.  Indicated  Airspeed  (Vi) 

3.  Gross  Thrust  Indication  (JVi,  Pis/P*,  /Va,  ITT). 

4.  Angle  of  attack  (cs) 

5.  Pitch  angle  (0) 

6.  Pressure  altitude  ( Hp ) 

T.  Time  (t) 

8.  Outside  air  temperature  (T,) 

0.  Aircraft  configuration 

These  data  were  plotted  and  values  of  rate  of  climb  or  descent  determined  for  use  in  determining 
flight  path  angle.  These  data  were  reduced  to  standard  values  of  flight  path  angle  (7),  equivalent 
airspeed  (VB),  and  gross  thrust  [Fas),  and  plotted  In  the  V  *  7  map  as  described  in  (1],  Further 
reduction  to  values  of  lift  coefficient  (C/J,  and  excess  thrust  coefficient  (C>,*),  or  drag  coefficient 
( CD ),  was  also  performed  as  outlined  in  (lj.  Geometric  angle  of  attack  was  determined  by  recording 
the  pitch  angle  at  the  same  time  that  flight  path  angle  data  were  being  taken.  Geometric  angle  of 
attack  was  then  calculated  by  subtracting  flight  path  angle  from  pitch  angle. 
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FLYOVER  NOISE  TESTING,  The  flyover  nolle  tests  were  conducted  on  the  Tullahoma  Munici¬ 
pal  Airport  In  an  area  of  flat  terrain  having  no  excessive  sound  absorption  characteristics,  The 
noise  measuring  microphone  wns  located  so  that  there  were  no  obstructions,  which  might  Infhienoe 
the  sound  Held  from  the  airplane,  within  a  conical  space  above  the  microphones.  This  conical 
space  wns  defined  by  an  axis  normal  to  the  ground  plane,  and  by  a  half  angle  75  degrees  from  this  axis. 

The  testing  was  carried  out  under  the  following  conditions: 

1,  Clear  Air 

2,  Rolaltlve  Humidity  between  90  and  30  percent. 

3,  Ambient  temperature  between  86  and  41°  F  at  33  feet  above  the  ground. 

4,  Wind  not  In  excess  of  10  knots  at  33  feet  nbove  the  ground. 

5,  There  were  no  temperature  Inversions  or  wind  conditions  which  would  significantly  alter  the 
noise  level  of  the  airplane  when  the  noise  level  was  recorded,, 

The  flyovers  Included  at  lenst  six  level  flights  over  the  measuring  station  for  each  configuration 
tested.  Those  flyovers  were  t  a  height  of  1000  feet  ±  30  feet  above  the  station,  and  were  within  ± 
10  degrees  of  the  zenith  when  passing  overhead. 

The  configurations  tested  Included: 


UPPER  WING 

FLAPS 

GEAR 

AIRSPEED 

POWER 

(1) 

ON 

UP 

UP 

166  KCAS 

FOR  LVL  FLT 

(a) 

ON 

15" 

UP 

110  KCAS 

FOR  LVL  FLT 

(3) 

ON 

30® 

UP 

76  KCAS 

FOR  LVL  FLT 

(4) 

OFF 

UP 

UP 

106  KCAS 

FOR  LVL  FLT 

(6) 

OFF 

16® 

UP 

110  KCAS 

FOR  LVL  FLT 

(0) 

OFF 

30® 

UP 

75  KCAS 

FOR  LVL  FLT 

The  noise  measuring  microphone  was  mounted  upon  a  tripod  approximately  four  (4)  feet  above 
the  ground  so  as  to  minimize  Interference  with  the  sound  being  measured.  The  noise  measured  by 
that  microphone  was  recorded  on  a  strip  recorder.  This  system  for  measurlug  and  recording  the 
sound  complied  with  the  recommended  characteristics  In  International  Electrotechnical  Commission 
Publication  No.  170,  entitled  "Precision  Sound  Level  Meters"  [3]  and  with  Federal  Air  Regulation  36 
Appottdlx  A  paragraph  A30.2  |4],  These  publications  also  cover  the  calibration  of  such  equipment. 
Immediately  prior  to  and  after  each  test  a  recorded  acoustic  calibration  of  the  system  was  made 
with  an  acoustic  calibrator  for  the  purposes  of  checking  system  sensitivity  and  providing  an  acoustic 
reference  level  for  analysis  of  the  sound  level  data,  In  addition,  prior  to  each  series  of  tests  the 
ambient  noise.  Including  both  acoustical  background  and  electrical  noise  of  the  measurement  systems, 
wns  recorded  In  the  test  area  with  the  system  gains  sol,  at.  levels  used  for  aircraft  noise  measurements, 


f' 
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The  following  data  were  recorded  for  each  test  run: 

1,  Ambient  air  temperature  and  humidity  at  33  feet  above  the  surface. 

2.  Maximum,  minimum,  and  average  wind  velocities  at  33  feet  above  the  surface. 

3,  Aircraft  noise  level. 

4.  Test  aircraft  airspeed  In  knots, 

ft,  Tost  aircraft  engine  power  setting. 

0,  Aircraft  height  In  feet. 

Might  data  parameters  were  corrected  to  standard  conditions,  Noise  data  were  not  corrected  If 
the  ambient  temperature  was  within  a  runge  of  68°F  i  9°r<',  and  the  relative  humidity  was  above 
40  piucout  but  not  exceeding  90  percent.  When  conditions  did  not  fall  within  the  specified  range, 
the  data  wore  corroded  to  7TT  and  70  percent  relative  humidity  using  an  approved  method. 
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SECTION  IV 
INSTRUMENTATION 

The  on  board  Instrumentation  used  in  these  tests  was  the  same  Instrumentation  as  used  on  the 
previous  tost  reported  In  [1],  It  was  functionally  checked  out  and  recalibrated  prior  to  the  start  of 
testing. 

The  typos  of  Instrumentation  required  for  this  program  may  be  placed  In  groups  which  relate 
to  the  type  of  data  being  collected.  These  groups  of  instrumentation  are: 

1.  Air  Data  Instrumentation 

2.  Engine  Thrust  Instrumentation 

3.  Pilch  and  Angle  of  Attack  Instrumentation 

4.  Noise  Measurement  Instrumentation 

AIR  DATA  INSTRUMENTATION.  The  Instrumentation  Installed  on  the  test  aircraft  which 
collected  air  data  Included: 

1.  Sensitive  Airspeed  Indicator  calibrated  In  knots. 

2.  Sensitive  Altimeter  calibrated  In  feet. 

3.  Ambient  Air  Temperature  Gauge  calibrated  In  degrees  Centrlgrade. 

The  airspeed  Indicator  and  altimeter  were  panel  mounted  as  shown  In  Figure  0  and  connected  to 
a  wlngtlp  mounted,  swivel  pitot  stutic  boom  shown  In  Figure  10.  These  Instruments  were  calibrated 
through  the  airspeed  and  altitude  ranges  of  Interest  using  water  and  mercury  manometers  with 
traceability  to  the  National  Bureau  of  Standards  (NBS), 

The  ambient  air  temperature  gauge  was  calibrated  from  0  —  40#C  In  a  water  bath  using  a 
laboratory  thermometer  which  was  also  traceable  to  NBS. 

Similar  calibrated  Instrumentation  was  Installed  on  the  Cessna  310  nud  D11C-3  Otter  which 
were  used  ns  pace  aircraft  during  the  Airspeed  Calibration  portion  of  the  prior  lllght  test  program. 

ENGINE  THRUST  INSTRUMENTATION.  Instrumentation  installed  in  the  test  aircraft  which 
gave  an  Indication  or  engine  thrust  Included. 

1,  Main  Rotor  Speed  Tachometer  [N i)  calibrated  In  percent.  IU’M. 

2,  (ins  Generator  Speed  Tachometer  f  A'y )  calibrated  in  percent  KPM. 

3,  Interstage  Turbine  Temperature  gauge  (ITT)  calibrated  In  °( 

'I.  Pressure  Gauge  calibrated  In  Inches  of  water  which  measured  t  he  differential  pressure  between 
the  total  pressure  In  the  hot  or  cold  duel  and  the  outside  ambient  static  pressure.  This  was  a  single 
gauge  which  operated  through  a  pressure  switch  In  order  l<>  read  hot.  or  cold  duet  dilToivnUul  pressure. 
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5.  SDI  Hcskins  Fuel  Flow  and  Fuel  Quantity  Initrumentation  which  consists  of  two  panel 
mounted  instruments  which  contain  an  Integral  computer.  Fuel  flow  calibration  is  in  either  gallons 
or  pounds  per  hour. 

All  of  the  engine  instrumentation  and  air  data  instrumentation  was  panel  mounted  for  visual 
readout  by  the  pilot  as  is  shown  in  Figure  0. 

All  of  the  engine  Instrumentation  listed  above  except  for  the  fuel  flow  instrumentation  was 
calibrated  using  standards  traceable  to  NBS.  The  fuel  flow  instrumentation  was  calibrated  at  the 
manufacturer  and  guaranteed  to  maintain  two  percent  accuracy  in  normal  use.  Periodic  spot  checks 
during  the  test  program  confirmed  this  level  of  accuracy. 

In  addition  to  the  engine  related  thrust  instrumentation  one  other  piece  of  instrumentation  was 
required  during  the  thrust  calibration.  This  Instrument,  a  Dillon  Dynamo  neter  Is  shown  inFlgure 
11  as  it  was  Installed  In  the  thrust  measuring  apparatus.  This  instrument  was  readout  in  pounds  of 
force  and  had  received  a  traceable  calibration  by  its  manufacturer. 

PITCH  AND  ANGLE  OF  ATTACK.  The  instrumentation  required  to  measure  pitch  and  angle 
of  attack  consisted  of: 

1.  Angle  of  Attack  Sensors 

2.  Vertical  Gyro  for  Pitch  Angle 

Angle  of  attack  information  was  obtained  from  the  sensors  shown  in  Figure  12.  The  angle 
of  attack  vane  drives  a  rotary  potentiometer  which  is  connected  electrically  through  a  12  position 
rotary  switch  to  the  milliammeter  of  Figure  13.  Calibration  was  accomplished  by  measuring  vane 
deflection  angles  and  obtaining  corresponding  milliammeter  readings.  Zero  reference  was  the  aircraft 
waterline. 

A  vertical  gyro  mounted  near  the  center  of  gravity  and  above  the  exhaust  ducting,  as  shown  In 
Figure  14,  was  used  to  determine  pitch  angles.  Prior  to  installation,  this  device  was  calibrated  with 
the  instrumentation  package  on  a  calibration  bench.  This  device  was  also  wired  to  provide  a  visual 
readout  through  the  milliammeter. 

All  instrument  readings  which  could  be  displayed  on  the  milliammeter  could  also  be  recorded, 
three  at  a  time  versus  a  time  basis,  on  a  cassette  magnetic  tape  recorder.  These  data  could  then  be 
played  back  on  an  oscillograph  or  strip  recorder  after  the  flight.  The  cassette  recorder  was  located 
just  aft  of  the  pilot’s  seat. 

Before  being  displayed  on  the  milliammeter  or  recorded  on  the  cassette  recorder  all  data  signals 
were  amplified  and  conditioned  in  an  instrumentation  amplifier  and  signal  conditioner  located  near 
the  vertical  gyro  as  is  shown  in  Figure  15.  Power  for  the  electrical  instrumentation  was  connected 
through  an  instrumentation  master  switch  located  nest  to  the  rotary  selector  switch. 


FIGURE  11 


PICTURE  OF  DILLON  DYNAMOMETER  AS  INSTALLED 
IN  THRUST  MEASURING  APPARATUS 


FIGURE  13 


MILL IAMMETER  USED  FOR  READOUT  OF  STABILITY 
AND  CONTROL  PARAMETERS  (CENTER) 


FIGURE  14 


MOUNTING  ARRANGEMENT  OF  VERTICAL  GYRO 


FIGURE  15 


INSTRUMENTATION  AMPLIFIER  AND  SIGNAL  CONDITIONER  (ARROW) 
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NOISE  MEASUREMENT  INSTRUMENTATION.  For  the  measurement  of  the  flyover  noise 
level  e  Bruel  ft  Kjaer  type  4133  one  half  Inch  condenser  microphone  wu  used  (Figure  16).  This 
microphone  wu  oriented  at  an  angle  of  90  degrees  (grazing  Incidence)  with  respect  to  the  aircraft 
flight  path.  This  orientation  corresponds  to  the  optimum  frequency  response  for  this  microphone. 


The  output  from  the  microphone  was  Input  into  a  Bruel  St  KJaer  type  2112  Audio  Frequency 
Spectrometer  (Figure  17)  which  provided  three  recording  modes  -  Octave,  1/3  Octave,  and  Linear, 
For  these  measurements  the  1/3  Octave  Alters  ranging  from  25HZ  to  40  KHZ  were  employed  for  the 
on-ground  frequency  distribution  analysis  of  the  aircraft  while  the  Linear  setting  was  used  to  record 
the  instantaneous  overall  sound  pressure  level  during  the  1000  ft.  flyover  noise  measurement!!, 


The  output  of  the  Audio  Frequency  Spectrometer  was  fed  into  a  Bruel  &  Kjacr  type  2305 
Graphic  Level  Recorder  (Figure  17).  This  instrument  supplied  an  amplitude  (dB)  versus  frequency 
graph  when  utilizing  the  Audio  Frequency  Spectrometer  as  a  1/3  Octave  analyzer,  and  an  amplitude 
versus  time  plot  when  the  Linear  mode  of  the  Audio  Frequency  Spectrometer  was  used. 

Relative  humidity  during  the  tests  was  determined  by  use  of  a  Sling  Psyohrometer  and 
Psychrometric  Charts,  while  wind  direction  and  velocity  were  determined  with  the  simple  Instru¬ 
ments  shown  in  Figure  18. 
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FIGURE  17 


AUDIO  FREQUENCY  SPECTROMETER  (LEFT) 
AND  GRAPHIC  SOUND  LEVEL  RECORDER 


FIGURE  18 


WIND  INSTRUMENTS 


SECTION  V 


RESULTS  AND  DISCUSSION 

INFLIGHT  PERFORMANCE 

Ai  described  In  the  test  procedures,  Inflight  performance  was  determined  with  the  upper  wing 
removed  In  three  configurations  of  landing  gear  and  flap  setting: 

1.  Gear  and  Flaps  Up 

2.  Gear  Down  and  15®  Flap  Deflection 

3.  Gear  Down  and  30°  Flap  Deflection 

Results  of  performance  tests  in  these  configurations  are  shown  In  Figures  10, 20  and  21  as  weight 
and  air  density  corrected  plots  of  flight  path  angle  (ru)  and  equivalent  airspeed  (Vjtw)  for  various 
thrust  settings.  As  may  be  seen  from  these  figures  the  extreme  low  speed  end  of  the  performance 
envelope  was  not  Investigated.  The  reason  for  not  continuing  the  Investigation  Into  this  region  was 
the  reduced  longitudinal  stability  level  and  tall  stall  potential  discussed  In  [1].  The  aircraft  was  flown 
to  speeds  as  low  as  SS  knots  calibrated  airspeed  In  level  flight,  or  a  slight  climb,  but  performance 
data  were  not  recorded, 

Sufficient  performance  data  were  obtained  to  make  comparisons  with  the  NASA  Ames  Research 
Center  40*  x  80*  wind  tunnel  data  at  two  separate  values  of  blowing  coefficient  (Cj),  These 
comparisons  are  iliown  In  Figures  22  through  2?  as  plots  of  lift  coefficient  (Cl)  versus  excess 
t trust  coefficient  ((><*)•  The  agreement  between  the  flight  test  and  wind  tunnel  data  for  these 
c  uflguratlons  Is  excellent  and  exceeds  the  good  agreement  obtained  for  tho  same  configurations 
with  the  upper  wind  Installed  as  reported  In  [1].  This  data  agreement  also  speaks  well  for  the  simple 
and  Inexpensive  flight  test  method  used  to  obtain  the  flight  test  data, 

UFrCGEICFIClENX  VERSUS  ANQLE.GJL  ATTACK 

At  the  same  time  that  the  flight  path  angle  versus  airspeed  data  of  Figures  10  thru  21  was  being 
obtained,  the  aircraft  pitch  angle  was  recorded,  By  subtracting  tho  flight  path  anglo  (7)  from  the 
pitch  angle  (6)  the  geometrlo  angle  of  attack  (a)  can  be  obtained.  However,  one  problem  arises  when 
trying  to  compare  these  data  with  that  obtained  In  a  wind  tuunel. 

The  problem  Is  that  for  a  powered  lift  airplane  like  the  Jetwing  the  lift  coefficient  Is  a  function 
of  both  angle  of  attack  and  blowing  coefficient. 


Ct-/(o,C/)  (1-1) 

In  n  wind  tunnel  the  angle  of  attack  and  blowing  coefficient  can  be  varied  Independently.  This 
Is  accomplished  by  holding  tunnel  airspeed  and  airplane  gross  thrust  constant  (C-'j  constant)  while 
varying  anglo  of  attack, 

In  free  flight,  airspeed,  gross  thrust,  blowing  coefficient,  and  angle  of  attack  are  all  Interrelated, 
and  can  not  bo  varied  Independently,  As  a  result,  tho  clusslc  Of,  versus  a  plots  at  a  constant  blowing 
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FIGURE  22 
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JETWING  JW-1 
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coefficient  cannot  be  obtained  directly  by  flight  test. 

To  attempt  to  overcome  this  problem,  and  compare  the  flight  teit  and  wind  tunnel  results,  the 
flight  test  data  must  be  crossplotted  on  a  plot  of  Cp  versus  Cj  for  various  a  such  as  Is  shown  In 
Figures  28  through  30,  Since  the  lines  of  constant  angle  of  attack  must  be  estimated  from  the  angle 
of  attack  of  Individual  data  points,  considerable  error  may  be  introduced  by  this  plot.  This  error  Is 
compounded  by  the  error  involved  in  measuring  aircraft  pitch  angle. 

The  results  of  such  a  comparison  for  the  Jetwing  with  the  upper  wing  removed  ore  shown  In 
Figures  31  through  36.  These  results  do  not  compare  as  well  as  the  oxcess  thrust  data  shown  In 
Figures  22  through  27.  In  light  of  the  past  discussion  this  descrepancy  might  be  expected.  Most  of 
the  difference  is  probably  due  to  the  measurement  and  crossplotting  errors  Just  discussed.  However, 
there  nmy  be  some  error  In  the  tunnel  data  due  to  wall  effects  which  has  not  been  accounted  for. 
Such  an  error  might  help  to  explain  the  consistent  difference  in  lift  curve  slope  shown  between  the 
flight  test  and  wind  tunnel  data. 
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Figures  37,  38  and  30  show  the  results  of  performance  tests  reduced  to  sea  level  standard 
conditions  with  and  without  the  mlnl-wlug  Installed,  These  results  show  two  interesting  features. 

First,  for  all  configurations  the  airspeed  at  which  best  angle  of  climb  occurs  decreases  with  au 
Increase  In  gross  thrust  or  blowing  coefficient.  This  change  Indicates  a  reduction  In  induced  drag  with 
thrust  (or  blowing  coefficient)  Increase  as  Is  Indicated  by  the  theory  [1],  Such  a  drag  reduction  has 
Interesting  applications  for  air-combat  maneuvering,  and  means  that  In  order  to  fly  steep  approaches 
at  low  airspeeds  additional  zero  lift  drag  Is  needed. 

The  second  Interesting  feature  of  these  figures  Is  that  at  every  thrust  setting  and  flap 
configuration  the  airplane  with  the  upper  wing  installed  Is  out  performed  by  the  airplane  without 
the  upper  wing.  This  difference  in  performance  generally  increases  with  an  Increase  In  thrust  setting, 
particularly  In  the  case  with  30  degrees  flap  deflection.  Although,  most  of  this  difference  In  perfor¬ 
mance  may  be  explained  by  the  fact  that  with  the  upper  wing  Installed  the  airplane  has  moro  zero 
lift  drag,  It  may  not  be  the  complete  story,  If  the  Increase  In  Cp ,  were  totally  responsible  for  the 
performance  difference,  there  should  be  an  increase  In  the  performance  difference  with  an  increase 
In  airspeed.  However,  this  does  not  appear  to  be  true  In  all  cases,  In  fact,  the  difference  appears  to 
decrease  at  higher  airspeeds  when  the  flaps  are  deflected.  In  addition,  static  thrust  calibrations  [1] 
showed  a  slight  Increase  in  static  thrust  with  the  upper  wing  installed.  This  thrust  difference  should 
tend  to  reduce  the  performance  difference  at  the  lower  speeds.  It  then  appears  that  the  performance 
difference  may  be  a  function  of  induced  drag  In  addition  to  the  difference  In  Cp ». 

One  Item  which  may  affect  Induced  drag  Is  the  thickness  of  the  USB  Jet.  With  the  upper 
wing  installed  the  Jet  is  greater  than  twice  as  thick  as  with  the  upper  wing  removed.  Recent  wind 
tunnel  studies  [5]  have  shown  that  high  aspect  ratio  nozzles  (thin  blowing  Jot)  provide  better  USB 
performance  than  those  with  low  aspect  ratio  (thick  blowing  Jet).  An  analysis  of  wind  tunnel  results 
of  Jelwlng  configurations  showed  that  the  supurcirculation  portion  of  the  total  lift  was  from  5  to  7 
percent  higher  when  the  upper  wing  was  off.  Those  results  are  shown  In  Figure  40.  It  Is  difficult  to 
determine  If  USB  Jet  thickness  Is  a  significant  factor  in  the  performance  difference  shown  in  Figures 
37,  38  and  30  but  It  does  appear  to  beg  further  Investigation. 
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FIGURE  29 
JETWING  JW-1 

CL  vs  Cj 

For  Various  a 
GEAR  DOWN,  FLAPS  15° 
UPPER  WING  REMOVED 


FIGURE  33 
JETWING  JW-1 
CL  vs  a 
GEAR  DOWN 
FLAPS  15° 

UPPER  WING  REMOVED 
Cj  “  0.49 
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FIGURE  35 
JETWING  JW-1 
vs  a 
Cj  =  0.49 

GEAR  DOWN 


UPPER  WING  REMOVED 
UPPER  WING  INSTALLED 
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FIGURE  40 

COMPARISON  OF  SUPERCIRCULATION  LIFT  AS  A  PERCENTAGE 
OF  TOTAL  LIFT  VERSUS  BLOWING  COEFFICIENT  FOR  JETWINS  JW-1 
WITH  AND  WITHOUT  UPPER  WING  INSTALLED  EXTRACTED  FROM  FULL  SCALE  TUNNEL  DATA 
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HANDLING  QUALITIES 

A  complete  quantitative  handling  qualities  evaluation  of  the  aircraft  was  previously  conducted 
with  the  upper  wing  installed  and  reported  on  in  [1],  With  the  upper  wing  removed,  handling 
qualities  were  qualitatively  evaluated  and  compared  with  the  upper  wing  installed  configuration. 
This  was  done  because  changes  in  handling  qualities  due  to  the  configuration  change  were  thought 
to  be  small.  In  addition,  the  same  test  pilot  would  fly  both  series  of  tests. 

Differences  In  handling  qualities  between  the  two  aircraft  configurations  were  confined  to  the 
longitudinal  motions.  One  of  the  most  noticeable  changes  was  in  longitudinal  static  stability.  With 
the  upper  wing  Installed  the  aircraft  had  static  margins  of  from  0  to  —3%  depending  upon  flap 
posltiou  and  power  settings,  With  the  upper  wing  removed  the  aircraft's  Htatlc  margins  became  less 
negative  and  for  some  cases  became  slightly  positive.  Tho  reason  for  this  phenomenon  has  not  been 
determined  and  further  investigation  appears  warranted. 

Another  difference  in  longitudinal  handling  qualities  occurred  at  low  power  setting.  With  the 
upper  wing  removed  a  light  to  moderate  airframe  buffet  occurred  anytime  the  power  setting  was 
reduced  to  values  below  B096.Ni,  The  power  sotting  where  tho  onset  of  this  buffet  occurred  appeared 
to  be  a  function  of  airspeed  and  flap  position  with  the  highest  power  setting  for  buffet  onset  occurring 
at  airspeeds  above  ISO  knots  with  the  fiaps  up.  Although  the  source  of  this  buffet  was  not  positively 
determined,  the  most  likely  source  Is  a  turbulent  shear  layer  which  develops  between  the  blowing 
Jet  and  the  free  stream  flow  whenever  the  speed  of  the  Jet  drops  below  that  of  the  free  stream.  This 
buffet  was  not  observed  with  the  upper  wing  Installed, 

N.PISE  MEASUREMENT 

Tho  Graphic  Level  Recorder  provided  two  kinds  of  data:  1.  Sound  pressure  level  {SPL) 
(amplitude)  versus  time  (1)  plots  from  the  1000  ft.  flyovor  measurements  and;  2.  Sound  pressure 
level  {SPL)  versus  frequency  (F)  from  the  static  ground  measurements. 

The  flyover  data  were  crossplottcd  as  sound  pressure  level  {SPL)  versus  relative  distance  {HD), 
Relative  distance  was  determined  by  correlating  tho  airspeed  from  the  flight  data  with  tho  time 
Intervals  on  the  amplitude  versus  time  graph.  At  the  point  where  the  noise  of  the  approaohlng 
Aircraft  started  to  rise  above  the  background  noise  level,  the  relative  distance  was  set  to  zero. 

K'.trks  were  put.  on  the  graph  when  the  JETWING  crossed  overhead  the  microphone.  From  this 
mark  the  approximate  position  of  the  microphone  on  the  SPL  vs.  RD  plot  could  bo  determined, 

R  •presentative  plots  for  a  take-off  and  three  flyovers  with  different  configurations  are  shown  In  figures 
41  and  42. 
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TAKE-OFF  (CLEAN  CONFIG.) 

UPPER  WING  REMOVED 
POWER  SETTING  92.0%  N, 

ALTITUDE  (AT  MIC.)  246  FT.  AGL 
AIRSPEED  AT  MIC.  95  KTS. 
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FLYOVER  (GR. DN,  FL  30°) 
UPPER  WING  REMOVED 
POWER  SETTING  81.5%  N, 
ALTITUDE  (AGL)  1020  FT. 
AIRSPEED  79.0  KTS 
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FIGURE  42 

1000  FT.  FLYOVER  SOUND  PRESSURE  LEVEL  SPL  VS.  RELATIVE  DISTANCE  RD 
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The  data  and  results  of  the  flyover  noise  measurements  are  listed  in  Table  2.  From  these  data,  the 
following  average  values  for  the  peak  noise  pressure  levels  can  be  calculated: 

a)  Upper  wing  installed: 

Clean  configuration  71.5  dD 
Gear  down,  flaps  30°  71.5  dB 

b)  Upper  wing  removed: 

Clean  configuration  71.2  dB 

Gear  down,  flaps  15°  71.2  dB 

Gear  down,  flaps  30°  71.7  dB 

These  values  show,  that  neither  the  upper  wing,  nor  flap  or  gear  position,  have  any  significant  effect 
on  the  flyover  noise  level.  The  overall  peak  noise  of  71.7  dB  proves  the  JETWING  to  be  a  very  quiet 
jet  aircraft. 

Figure  43  shows  the  frequency  spectrum  of  the  JETWING  while  stationary  on  the  ground,  at 
idle  power.  The  spectra  were  taken  from  three  different  positions  relative  to  the  aircraft  ( front,  side, 
and  rear),  each  from  a  distance  of  60  feet. 

As  expected,  In  the  rear  spectrum  the  low  frequency  noise  (100  —  500 Hz)  dominates,  coming  from 
the  exhaust  nozzles  and  the  turbulent  Interaction  of  the  Jet  sheet  with  ambient  air  and  aircraft 
structure. 

The  front  seetrum  is  clearly  dominated  by  the  higher  frequency  noise  (2,000—  10,000//*)  of  the 
JT-15  engine  compressor,  while  In  the  side  spectrum  both  noise  sources  have  similar  amplitudes. 

The  upper  wing  panels  show  some  effect  In  reducing  the  noise  level,  particularly  In  the  side  and 
rear  spectra.  For  the  lower  frequencies,  this  can  be  explained  by  the  fact  that  the  upper  wing  panels 
act  as  ejectors,  thereby  thickening  and  slowing  down  the  jet  sheet.  The  turbulent  break-up  of  this 
slower  and  thicker  jet  sheet  is  less  noisy  than  the  break  up  of  the  thinner  Jet  Bhoot  with  higher 
velocity  of  the  plain  wing  without  winglet. 

The  reduction  of  high  frequency  noise  may  be  due  to  shielding  effects. 
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Table  2:  JETWING  FLYOVER  NOISE  DATA 
A)  UPPER  WING  REMOVED 


Run 

Description 

Power  Altitude 

Setting  {%  Ni )  (ft) 

Airspeed 

(kts) 

Elapsed  Max. 

Time  (sec)  Noise  (dB) 

Background 
Noise  (dB) 

1-1 

Take-off 

01.5 

200 

00,0 

20.83 

85,0 

63,0/63.0 

1-2 

Goar  down,  flaps  15° 

82.5 

1020 

122.0 

25.40 

71.0 

63.0/63.0 

1-3 

Gear  down,  flaps  16° 

82.5 

1020 

122.0 

23,62 

70,5 

61.5/61.5 

1-4 

Gear  down,  flaps  15°* 

83.5 

000 

120.0 

24.90 

72,0 

61.0/61.0 

1-8 

Clean  configuration 

81.0 

1000 

108.0 

13.90 

71,5 

63.0/63.0 

1-9 

Clean  configuration* 

82.0 

1000 

107.0 

17.75 

70.5 

63.0/61.0 

1-10 

Clean  configuration 

82.0 

1000 

168.0 

14,50 

74.0 

61.5/03.5 

2-1 

Take-off* 

02.0 

240 

05.0 

23,30 

84.0 

62.0/62.0 

2-2 

Clean  configuration 

82.0 

1000 

167.0 

14,60 

60.5 

61.0/61.0 

2-1 

Clean  configuration 

M 

1000 

165.0 

13,00 

70,5 

63.0/81 .5 

2-7 

Gear  down,  flaps  30° 

82.5 

1000 

76.0 

32,00 

71.5 

64.5/84.5 

2-8 

Gear  down,  flaps  30u 

- 

1010 

77.0 

20.35 

751.0 

62.5/82.5 

2-10 

Gear  down,  flaps  30°* 

81.5 

1020 

70.0 

31,00 

71.5 

62.5/82,5 

B)  UPPER  WING  INSTALLED 

Run 

Description 

Power 

Setting  {%  N\) 

Altitude 

(ft) 

Airspeed 

(kts) 

Elapsed 
Time  (sec) 

Max. 

Noise  (dB) 

Background 
Noise  (dB) 

3-0 

Take-off 

91.5 

200 

92.0 

29.80 

86.0 

60.0/62.5 

3-1 

Clean  conflguratlon 

82.0 

1020 

165,0 

18,30 

71.0 

60,0/00.0 

3-2 

Clean  conflguratlon 

83,0 

990 

164.5 

19.00 

72.0 

60.0/00.0 

3-3 

Clean  conflguratlon 

83,0 

1010 

166.5 

22,50 

71,0 

00.0/60.5 

3-4 

Clean  conflguratlon 

83.0 

1000 

107.5 

21.10 

72,0 

(10.0/00.5 

3-7 

Goar  down,  flaps  30° 

82.2 

1030 

82.0 

37,30 

73,0 

00.0/60.0 

3-8 

Gear  down,  flaps  30° 

83.5 

1000 

75.0 

37,80 

70.0 

01. 0/60.0 

3-10 

Gear  down,  flaps  30° 

82.7 

1020 

77.0 

35,90 

71,5 

61,5/60.5 

These  mils  are  shown  in  figures  11  awl  '111. 
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SECTION  r 
INTRODUCTION 

Analytical  methods  to  predict  forces  of  lift  and  drag  as  well  as  pitch,  yaw  and  rolling  moments 
on  wings  are  essential  for  desip  purposes  and  have  been  developed  for  unblown  wings  to  a  high 
degree  of  accuracy  and  sophistication  (e,g.  finite  clement  or  panel  methods).  Some  of  these  have 
been  modified  to  include  the  effects  of  “  powered  lift",  considering  specific  concepts  like  externally 
blown  flaps,  Jot  flaps,  upper  surface  blowing  etc.  (6,7).  At  this  time,  the  consideration  of  such 
methods  would  be  beyond  the  scope  of  this  report  and  must  bo  left  to  later  Investigations.  Instead, 
the  focus  was  on  some  less  sophisticated  methods  that  include  simplifying  assumptions  and  are 
ilkeiy  to  lead  to  results  of  lesser  accuracy.  However,  these  are  valuable  tools  for  the  engineer  who  Is 
concerned  with  preliminary  design. 

The  basic  theoretical  properties  of  a  thin  two-dimensional  Jet  in  lnvlscld  flow  were  formulated  by 
Maskell  and  Oates  [8],  together  with  the  overall  momentum  relations  satisfied  by  the  two-dimensional 
Jet  flapped  aerofoil.  Subsequently,  Jet  flap  theories  were  developed  for  the  case  of  the  thin  wing  and 
Jet  in  invisoid  incompressible  flow,  excluding  mixing  between  the  mainstream  and  the  Jet.  The  two- 
dimensional  problem  was  solved  by  Spence  using  a  treatment  akin  to  classical  “mean  line  "  theory, 
both  for  ejection  from  the  trailing  edge  [9]  and  over  a  plain  hinged  flap  [10].  This  treatment  whs 
extended  to  the  case  of  a  finite  aspect  ratio  wing  with  a  full  span  Jet  flap  by  Maskell  and  Spence  [11], 
following  the  classical  Prandtl  lifting  line  theory,'  the  equations  being  made  tractable  by  prescribing 
Bn  elliptic  spanwlse  distribution  of  both  wing  chord  and  jet  momentum  with  constant  Jet  angle  over 
the  span.  Yet  In  another  approach,  it  was  suggested  to  replace  the  Jot  by  an  equivalent  mechanical 
flap  extension  in  the  plane  of  the  flap  [19]  and  treating  the  resulting  wing  just  as  any  other  wing  . 

The  methods  used  by  Williams  [13],  Wertz  [14],  aud  Jacobs  [15]  are  based  on  this  background, 
empirical  methods  [16],  and  experimental  results.  These  three  methods  have  been  Investigated  and 
slightly  modified  for  JETWING  specifics  and  are  presented  in  the  following  pages, 
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SECTION  n 

PREDICTION  METHOD  1  (WILLIAMS) 

This  method  closely  follows  a  paper  that  was  published  by  Williams,  Butler  and  Wood  [13]  in 
KW3,  which  allows  computation  of  not  only  the  lift  coefficient  C'i.  as  function  of  a,  6p  and  Cr  but 
also  the  drag  coefficient  Cp  vt,  Cl, 


LIFT  COEFFICIENT 

In  their  paper, “The  Aerodynamics  of  Jet  Flaps",  they  discussed  historical,  theoretical  and 
experimental  aspects  of  jet  flaps  in  general  and  honored  Spence’s,  Gate's  and  Maskell’s  work. 
Without  further  derivation  the  following  formulas  are  then  presented.  The  lift  coefficient  Tor  a 
two-dimensional  thin  Hat  plate  at  angle  of  attack  a,  with  blowiug  over  a  hinged  flap  to  provide  a 
jet  deflection  6,  is  given  by  1 


Cl  —  Cte6  -(-  C tc a 


(//-  1) 


with 


Cn  ~  Tb  =  ^4irC]il  +°'l51cvj/2  +  0.139Cy)]1/2  (//  _  2) 

and 

“  2fr(1  +  °’151Cj/2  +  0.219^)  (//  _  3, 

where 


Cl 


(//-4) 


is  the  moan  sectional  (2-D)  blowing  coefficient  and  S'  is  the  wing  reference  area  of  the  blown  portion; 
rJ  ,)pinK  the  overall  (3-D)  blowing  coefficient  (see  also  Appendix  I), 

lo  obtain  the  three-dimensional  lift  coeffleents  for  a  Unite  aspect  ratio  wing,  the  two-dimensional 
values  enu  be  multiplied  by  the  correction  factor 


n(A,Cj)~ 


A  +  (2Cj/n) 

A  +  (2/n)Cra  ~  2(1  +o) 


(//-ID 


with 


6<l 


(1  -  gCj/rA) 

f-(l  -<)(Cj/irA) 


whore 


2  Ct/(6  +  a) 

'irA  +  2Ctn-  2ff(l  +a) 


For  small  C}  or  large  A 


G[A,Cj)f* 


A  -f  (2Cj/ir) 

A  +  2  +  0.604 Cj  »/»  +  0.876^ 


{II  -  8) 


(II  —  1) 


(II  -  8) 


The  simultaneous  equations  (II  —  0)  and  (II  —  7)  In  the  two  unknowns  a  and  f  are  transformed 
into  a  transcendental  equation  In  f  alone  as 


2  Ctc,  -  2ff 


1  + 


(1  -gCjltA)  =  2C(_ 
f-d-fRCj/M)]/  S  +  C 


(II  -  9) 


Allowance  for  part-span  flaps  and  fuselage  cut-out  Is  Included  by  Introducing  spanwlse  extent  factors 
X  and  v,  where 


and 


X  <= 


S 


(II-  10) 


s'cta  +  (S-$')Uia 
SCt„ 


(Oe  [ 


C(a  \Ojm 


(II-  ID 


The  effect  of  thickness  to  chord  ratio  l/r  is  taken  Into  account  by  increasing  the  sectional  pressure 
lift  In  the  proportion  (1  +  t/c),  roughly  corresponding  to  the  rntio  of  the  sectional  C'V  vs.  a  curve 
slope  without  blowing  to  the  value  2/r  for  a  thin  Hat  plate. 

With  these  semi-empirical  arguments,  the  lift  oil  a  jet-flap  wing  finally  may  be  written  ns 


Q,  —  (7[(1  -f-  t/r)(\C((6  -f-  //Qao)]  —  (l/c)Cj(&  +  nr) 


(//-  12) 
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The  excess  thrust  coefficient  given  by  linearized  inviscld  flow  theory  for  full-span  jet  flap  wings 
becomes 


CFtx  —  Cj  — 


kA  +  2Cj 


(II  -  13) 


where  the  last  term  on  the  right  represents  the  “trailing  vortex"  drag  associated  with  an  elliptic 
spanwise  distribution  of  loading.  To  examine  the  actual  thrust  deficiency  in  viscous  flow,  a  more 
general  form  of  equation  (//  —  13)  can  usefully  bo  considered: 


■  rCj  —  Cqo 


'  irA  +  2  Cj 


(II-  14) 


Here  the  "sectional  thrust"  is  for  convenience  expressed  as  a  proportion  r  of  the  theoretical  value 
Cj,  while  the  drag  associated  with  finite  aspect  ratio  effect  Is  expressed  as  a  proportion  k  of  the 
theoretical  value  C3l/(ttA  +  2 Cj).  The  term  Coo  represents  the  drag  at  zero  lift,  without  flap 
deflection  and  blowing,  as  usual. 

With  a  part-span  jet  flap,  additional  lift-dependent  drag  AC  dp  can  arise  because  of  the  departure 
from  the  normal  spanwise  distribution  of  lift,  so  equation  (II  —  14)  may  be  rewritten  as 


CF,t  »  rCj  —  Cdo  —  k  x X' +2Cj  ~  ^Cdp 


As  a  crude  estimate  the  loss  can  be  written 


ACdp 


kACI 

irA 


(II  -  15) 


(//  -  16) 


However,  there  is  yet  no  sound  theoretical  basis  for  its  prediction.  Hence  for  estimation  of  excess 
thrust  coefficient  CF,X  ,  ACdp  has  been  neglected  and  the  factors  r  and  k  have  been  assumed  to 
be  unity  In  equation  (II  —  15). 

RESULTS 

A  FORTRAN  program  was  developed  using  equation  (II  —  12)  for  computation  of  Cl  vs.  a 
employing  JF.TW1NG  parameters.  For  our  calculation  of  correction  factor  G(A,  Cj)  equation  (//— 8) 
was  used  for  values  of  Cj<  1.  For  values  of  Cj  >  1,  equation  (II  —  5)  was  used  with  u  obtained  from 
equation  (II—  6)  after  solving  equation  (II  — 9)  for  f  by  a  multivariate  search  program  |17]  for  error 
minimization.  For  'che  computation  of  excess  thrust  coefficient  CFtx  equation  (II  —  15)  was  used. 
The  zero  lift  drag  coefficient  Cp o  was  taken  from  wind  tunnel  data,  The  resulting  C l  vs.  a  and  Cl 
vs.  Cptx  curves  wero  plotted  and  are  shown  in  figure  44  thru  figure  51.  For  comparison,  the  NASA 
full  scale  wind  tunnel  data  for  the  JETWING  with  upper  wing  removed  were  also  plotted  on  these 
figures. 
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FIGURE  51 
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SECTION  m 


PREDICTION  METHOD  2  (WERTZ) 

This  method  follows  an  approach  done  by  R.  D.  Wertz  [14]  in  1970,  where  he  used  the  then 
known  design  parameters  of  the  JETWING  to  predict  the  lift  coefficient  as  functions  of  blowing 
coefficient,  flap  deflection  and  angle  of  attack.  Since  this  work  was  done,  some  of  the  design  features 
have  changed.  These  were  incorporated  Into  Wertz's  method  and  equations  were  modified  accordingly 
to  account  for  actual  JETWING  data. 


SUMMARY 

In  his  paper  "Application  of  Spence's  Methods  and  Data  to  Prediction  of  Lift  Coefficients  of  the 
JETW1NG,"  Wertz  started  out  with  Spence's  formula  for  two  dlmonsional  blown  Jet  flap  lift  [10| 
and  separated  the  total  lift  into  three  contributions: 

-  aerodynamic  lift  of  airfoil  due  to  angle  of  attack  and  flap  deflection 

-  suporclrculation  lift  due  to  blowing 

-  direct  Jet  lift  due  to  the  vertical  component  of  Jet  momentum 

In  going  to  three  dimensions,  Wertz  used  Masked  and  Spence's  techniques  [11]  and  the  Rockwell 
method  described  in  Woodlard's  paper  [16].  At  several  points  Wertz  departed  from  these  procedures 
and  used  empirical  curves  [18]  or  JETWING  specific  data  [19].  His  final  equation  then  Is  of  the 
following  form: 


C7,  “  [Cla*  4-  C/,r0]  sln(a  —  a0)  +  [Cm  4-  Cr,r«]  sin  5  +  Cj  Hln(a  -f  <5 ) 


To  account  for  the  actual  difference  between  flap  and  jet  deflection  angles,  Wertz’s  approach  was 
modified  and  the  following  equation  derived: 


Cl  [C^0  +  C£,r«]sln(o  —  a0)  4-  Cm  slnfy  4-  C*,r<  slnJy  +  C/sin(a  +  Sj) 


DERIVATION 

1.  Breaking  up  Two-Dimensional  Lift  Into  Components, 
The  starting  point  Is  equation  (35)  in  Spence's  paper  [10], 


Ci  =  2ir(\  4-  2ZI0)q  4*  2(*  +  sin  x  4*  27rD„)6  (///  -  1) 


This  assumes  potential  flow  over  a  flat  plate  with  flap,  therefore  the  geometric  and  aerodynamic 
ungle  of  attack  coincide  as  well  as  the  jet  and  flap  deflection  angle. 
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In  this  equation  the  conventional  aerodynamic  lift  coefficients  for  the  basic  airfoil  are  contained  in 

Cta  «=  2?ra  +  2(x  4-  sinxM  (///-■  2) 

where  the  x  terms  are  defined  in  Spence  [10]  as: 

X  —  2  sin-1  sjcj/c 

The  jet  terms  Including  the  direct  jet  lift  are  contained  in 

Ctj  4ir(B0a  +  D0S)  (///-  3) 

s 

where  the  Bo  and  Z)0  terms  are  leading  Fourier  coefficients  developed  in  Spence  [9,10], 

In  order  to  separate  direct  jet  lift  from  suporclrculatlon  lift,  equation  (III  —  3)  is  rewritten 

Cti  -  Ctr  +  Cj  sin(a  +  S )  (III  -  4) 

where  C*r  is  the  section  supercirculation  lift  coefficient.  For  small  angles  we  can  write 


Now  from  equation  (III  —  3) 


Ctj  ■■  Ctr  +  Cj(a  -]-  ff) 


Ctr  -  4 n(B0a  +  D06)  -  Cj(a  +  S) 


(HI  -8) 


or 


Crr  *  (4ff Bo  —  Cj)ot  -f-  (4rrDo  —  Cj)6 
and  tho  total  lift  coefficient  is  then 


(///  —  0) 


Ct  =  Cta  +  Ctr  +  Cj(a  +  6) 


(III  -  7) 
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2.  Airfoil  Pressure  Lift  Correction  for_-Thr.ee  Dimensions 
Equation  ( III  —  2)  gives: 


C'ta  —  -4-  2(x  -f-  sin  x)<5 


or  in  general: 


Ofa  “  —  On)  ■+  Cfaffi  (111  —  8) 

and  for  three  dimensions; 

Ola  -  Clac.{ a  -  a0)  +  CLAtS  (III  -  9) 


I'Yom  Perkins  and  Huge  [18],  pp,  84  wo  get; 


C'l.Aa 


I 


ao  _ 

1  +  57,3ao /ft  A 


(in  -  io) 


whore  no  Is  a  representative  section  lift  curve  slope  per  degree.  For  a  NACA  23015  airfoil  n0  *»  0.104 
per  degree  or  C< am  *=  5.958  rather  than  C<a<*  *»  2ff  as  given  In  equation  (III  —  2).  The  factor  /  Is  a 
function  of  the  taper  ratio  eje,  which  Is  0.46  for  the  JETWING.  Figure  2-55  In  Perkins  and  Hagc 
[18]  gives  an  /  of  approximately  1,  With  the  .HiTWING  aspect  ratio  A  =»  4.48  we  get 


a^/  “  Ccao  **  0.0731 


(///-  11) 


The  llnp  term  can  be  written  as: 


Clai  -  ~~Claf  -  ^2(x  +  slnx)  (111  -  12) 

O  fl()  i5  «0 

With  the  JETWING  data,  flapped  wing  area  S'  »  77/fa,  wing  area  S  =>  105. 6/1, a,  \  “  1,22/rad , 

Cm*  a*  2.23/rnrf  =  .0388/r/cj/  (III  -  13) 


This  yields 


Cm  •>  0.0731(r*  -  on)  +  0.0388(5,-) 


(III  -  14) 


Wertz  mentioned  that  because  the  airfoil  was  altered  from  the  NACA  23015  to  accomodate  the 
jet  slot,  Bartoe  had  used  for  aw  an  estimate  of  0,005.  Adjusting  equation  (III  —  14)  by  that  factor 
results  in 


CLA  =  0.065(a  -  a0)  +  0.0345(5^) 


(///-  15) 


with  angles  in  degrees  and 


Cla  =  3.7(q  —  q„)  +  2.0(5^) 


(///-  16) 


with  angles  in  rndians, 

Wertz  thought  that  the  flap  term  still  appeared  too  large,  so  using  the  elevator  effectiveness  curve 
of  Perkins  and  Hage  [18]  p,  250,  he  determined  that  the  Ccm  should  not  be  more  than  0.5 C^Aa- 
't  herefore  using  this  assumption: 


Cla  **  3.7(a  —  ao)  +  1.4(5/c) 


(in-  i7) 


3.  Supercirculatlon  Lift  Correction  for  Three  Dimensions 
Equation  (III  —  6)  gives: 

Ctr  -  (47rB0  -  Cj)ot  +  (4ttD0  -  Cj)S 

or  in  general 

Ctr  =  -  «o)  +  CfT6(6)  (III  -  18) 

and  for  three  dimensions: 

Cl  r  —Clv^c*—  ao)  + C,£,rs(‘5)  (III  —  19) 

Equation  (14)  of  Woodlard's  paper  (Rockwell’s  method)  [16]  writes: 

Ctr  —  (1  +  t/c)F[i;Cu'aot  +  XQps  sin  <5]  (III  —  20) 


Instead  of  using  the  thickness  correction  (l  -f-  t/c),  Wertz  used  (ao/2ff),  with  a0  being  the  specific 
wing  section  characteristic. 
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For  calculation  of  the  derivatives  and  3-D  correction  factors,  the  overall  three-dimensional 
blowing  coefficient  Cj  is  modified,  using  Rockwell’s  method  [16]  (see  also  Appendix  I): 


C,  -  C, 


(///-  21) 


where 


S"  =-•  S'  +  i(5  -  S') 


( III  -  22) 


For  the  JETWING  this  yields 


Cj  =  1.19  Cj 


(III  -  23) 


Rockwell  also  modifies  the  section  lift  coefficients  by  coefficients  X  and  v,  to  correct  for  partial  span 
Haps  and  blowing. 


(///  -  24) 


For  the  JET  WING 


X  —  0.84 


{III  -  25) 


The  coefficient  v  is  a  function  of  \  Cj,Ct\'a  and  Wertx  assumed  it  to  be 


v  —  1 


(III  -  26) 


From  Woolard's  paper  [16]  we  have 


F[A,nCj)=G  + 


A  +  (2/n)C} 


(III-  27) 


where  r]  is  the  Jet  turning  efficiency.  It  is  assumed  to  be  1.  Spence  has  used  in  [11] 


A  +  0.637C, 


A  +  2  -f  0.604C  j  ‘/a  +  0,8706"; 


(III  -  28) 
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Also 


(1  -  gCjtiA) 
f  -  (1  -  f XQ/jtA) 


{III  -  29) 


where 


(2/w)Ct/{a  +  6) 

*  A  +  (2/jt )Cta  -  2 

To  get  an  estimate  for  f,  Wertz  assumed  the  following: 
a)  Let 

Cj  _Ct__  dCt  _ 

(a  +  <5)  a  <9o  ta 


2  ir, 


then 


«  (2/ff)27T 

f  ™  A  +  (2/ff)2ff-  2 


0.62 


b)  Let 


then 


Ct 


CtQ  +  Ctt  2ff(l  +  0.R) 


(a  +  i) 


l.Sff, 


(2/n)1.5ff 

f  “*  A  +  (2/jr)l.5ff-  2 


0.56 


[III  -  30) 


(///  -  31) 


{III  -  32) 


Arguing  that  the  a  term  Is  small  compared  to  the  other  terms  for  the  3-D  correction,  Wertz  felt 
Justified  to  use  an  average  value  of 


X  0.6 


This  yields 


{III  -  33) 


O.lCy 
0.6 jr-  0.1 


{III  -  34) 


Now  the  function  F  can  be  computed  for  parametric  blowing  coefficients,  The  derivatives  in  equation 
{III  —  20)  can  be  expressed  through  equation  ( III  —  6): 


and 


Qr<»  —  47r£f0  —  Cj 


{III  -  35) 


Ctrs  ~  4irDo  —  Cj 


{III  -  36) 
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The  Fourier  coefficient  terms  Bo  are  evaluated  for  a  number  of  blowing  coefficients  In  Spence 
[9],  Table  1  ,p.58  From  equation  (III  —  1)  we  know  that 


Cu  —  2(x  +  ainX  +  2frDo) 
and  the  terms  Do  can  be  determined  by 


D0  =  ?tl-~  2(L±s-1i^.).  (///  _  37) 

4?r 

where  values  of  Cu  are  contained  In  Spence  [10],  Table  1  ,p,294.  It  is  b  function  of  the  flap  chord 
to  w  ing  chord  ratio  cj/c  and  the  blowing  coefficient  and  has  to  be  Interpolated  for  JET  WING 
values  (cf/c  <—  0.33).  Knowing  the  coefficients  B0  and  Do  for  a  number  of  Cj,  the  derivatives  Ctra 
and  C\re  can  be  computed  also. 

The  three-dimensional  derivatives  C^r®  and  Ctxt  can  then  be  calculated  as 


Clt«  -  gro* ra  (III  -  38) 

and 

Cirt  -  ^YFCtrB  (HI -M) 

These  can  be  substituted  Into  equation  (III  —  19) 


Cir  —  Ctr«(a  —  <*o)  +  C'nrc(f)- 


4.  Final  Equation 

Starting  out  from  two-dimensional  lift  components,  equation  (III— 7),  Werta  arrived  at  the  equation 
for  the  three-dimensional  lift  coefficient: 

Ci  M  Cia  +  Ci r  +  Cj  sin(o  -f*  5)  (III  —  40) 

For  the  total  lift,  he  then  let  the  basic  aerodynamic  and  supercircutation  lift  terms  also  vary 
with  the  sine  of  the  angle,  He  gave  no  explanation,  but  for  justification  it  may  be  argued,  that  for 
higher  angles  of  attack  and  higher  flap  angles  the  lift  generation  becomes  nonlinear  duo  to  partinl 
separation  and  non  perfect  turning  of  the  jet,  Therefore,  the  idea  of  linear  terras  variation  with  the 
sine  of  the  angles,  may  be  a  reasonable  approximation  that  accounts  for  these  offccts. 
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We  have  then 

Cl,  —  \Cla*  4  C'crol sin(a  —  oo)  4  [Cl At  4  Cnrs]  4  Cj sln(a  -f  $)  (///  —  41) 

This  assumes,  that  the  thrust  line  is  parallel  to  the  flap  chord.  Actually,  the  upper  surface  of  the 
flap  is  Inclined  9°  to  the  flap  chord  (fy  **  9°).  This  can  be  corrected  in  the  jet  lift  terms  by  setting 

6j  “  ip  4  (///  —  42) 

This,  together  with  the  zero  lift  angle  of  attack  op  —  —  1°  from  NACA  23015  airfoil  data  makes 
the  final  equation  write: 


Cl  •«  (3.7  4*  Clto,\  sin(or  4 1)  4 1.4  sin  6?  4  C/,rs  «ln  h  4  Cj  sln(ar  4  6j),  (///  -  43) 


RESULTS 

A  Fortran  program  was  written,  using  Table  1  from  [9]  and  Table  1  from  [10]  for  Interpolation, 
and  oquatlon  (///  —  43)  for  calculating  the  lift,  coefficient  Cl  vs.  a  and  parametric  values  of  flap 
deflection  6 f  and  blowing  coefficient  Cj,  Wertz  method  also  permit  the  total  lift  coefficient  to 
be  broken  up  Into  contributions  from  basic  aerodynamic  lift,  supercirculation  lift  and  lift  from  Jet 
reaction.  The  corresponding  components  of  the  wind  tunnel  data  were  determined  as  follows: 

•  Cl(AE),  the  basic  aerodynamic  lift  of  the  wing  was  taken  from  a  no  blowing  data  run. 

-  Cl{J),  the  lift  from  Jet  reaction  was  determined  from 

Ct,U)  ■*  Cj  sln(o  4  Sj) 

-  Cl{TOT),  the  total  lift  was  taken  derectly  from  wind  tunnel  data. 

*  C[,(S),  the  supercirculation  lift  was  determined  from 

CL(S)  -  CL(TOT)  -  CL(AE)  -  Cl(J) 

Data  from  the  NASA  full  scale  wind  tunnel  tests  with  upper  wing  removed  are  plotted  together 
with  the  theoretical  results  in  figures  52  thru  55.  Some  of  these  wind  tunnel  data  are  broken  up  into 
components  and  compared  to  similar  components  derived  by  Wertz  method.  These  comparisons  are 
shown  in  figures  50  thru  59, 
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FIGURE  52 

COMPARISON  OF  WERTZ  METHOD  THEORETICAL  Ci  vs  a  RESULTS  AND  NASA  FULL 
SCALE  WIND  TUNNEL  DATA  ON  JETWING  JW-1  FOR  6C  =  0°,  UPPER  WING  REMOVED 
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FIGURE  53 

COMPARISON  OF  WERTZ  METHOD  THEORETICAL  CL  vs  a  RESULTS  AND  NASA  FULL 
SCALE  WIND  TUNNEL  DATA  ON  JETWING  JW-1  FOR  -  15°,  UPPER  WING  REMOVED 
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FIGURE  55 

COMPARISON  OF  WERTZ  METHOD  THEORETICAL  CL  vs  a  RESULTS  AND  NASA  FULL 
SCALE  WIND  TUNNEL  DATA  ON  JETWING  JW-1  FOR  <5F  =  45°,  UPPER  WING  REMOVED 
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COMPARISON  OF  WERTZ  METHOD  THEORETICAL  Ci  vs  a  RESULTS  AND  NASA  FULL  SCALE 
WIND  TUNNEL  DATA  ON  JETWING  JW-1  FOR  BREAKDOWN  OF  LIFT  COEFFICIENT  INTO 
COMPONENTS  OF  BASIC  AERODYNAMIC  LIFT  (AE),  SUPERCIRCULATION  LIFT'  S),  AND 
JET  MOMENTUM  LIFT  INCLUDED  IN  TOTAL  LIFT  (TOT)  FOR  6p  =  0° 
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COMPARISON  OF  WERTZ  METHOD  THEORETICAL  CL  vs  a  RESULTS  AND  NASA  FULL  SCALE 
WIND  TUNNEL  DATA  ON  JETWING  JW-1  FOR  BREAKDOWN  OF  LIFT  COEFFICIENT  INTO 
COMPONENTS  OF  BASIC  AERODYNAMIC  LIFT  (AE) ,  SUPERCIRCULATION  LIFT  (S),  AND 
JET  MOMENTUM  LIFT  INCLUDED  IN  TOTAL  LIFT  (TOT)  FOR  =  15° 
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COMPARISON  OF  WERTZ  METHOD  THEORETICAL  C,  vs  a  RESULTS  AND  NASA  FULL  SCALE 
WIND  TUNNEL  DATA  ON  JETWING  JW-1  FOR  BREAKDOWN  OF  LIFT  COEFFICIENT  INTO 
COMPONENTS  OF  BASIC  AERODYNAMIC  LIFT  (AE),  .SUPERCIRCULATION  LIFT  (S),  AND 
JET  MOMENTUM  LIFT  INCLUDED  IN  TOTAL  LIFT  (TOT)  FOR  <5p  =  30° 
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COMPARISON  Or  WERTZ  METHOD  THEORETICAL  CL  vs  a  RESULTS  AND  NASA  FULL  SCALE 
WIND  TUNNEL  DATA  ON  JETWING  JW-1  FOR  BREAKDOWN  OF  LIFT  COEFFICIENT  INTO 
COMPONENTS  OF  BASIC  AERODYNAMIC  LIFT  (AE),  SUPERCIRCULATION  LIFT  (S),  AND 
JET  MOMENTUM  LIFT  INCLUDED  IN  TOTAL  LIFT  (TOT)  FOR  <5p  =  45° 
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B 


SECTION  IV 

PREDICTION  METHOD  3  (JACOBS) 
EQUIVALENT  FLAP  THEORY 


E 


S&MMAB3C 

An  approximate  method  was  presented  by  Jacobs  [12,15]  for  calculating  the  lift  and  pitching 
moment  of  an  airfoil  with  a  mechanical  flap  and  a  jet  issuing  at  the  trailing  edge  of  the  flap  into 
the  main  stream.  The  jet  may  form  any  angle  with  respect  to  the  flap  or  the  free  stream.  In  the 
case  of  a  two  dimensional  airfoil  the  effect  of  the  jet  on  the  lift  forces  was  related  to  that  of  an 
equivalent  mechanical  flap  extension  in  the  plane  of  the  existing  flap  with  the  lift  on  the  equivalent 
flap  being  equal  to  the  vertical  component  of  jet  reaction.  In  the  case  of  a  three-dimensional  wing, 
the  effect  of  induced  downwasb  field  was  considered  in  the  form  of  a  decrease  in  effective  angle  of 
attack  distribution.  Hence,  jet  reaction  lift  would  decrease,  which  in  turn  would  reduce  the  length 
of  the  equivalent  mechanical  flap,  as  both  the  jet  reaction  lift  and  the  lift  on  the  equivalent  flap  have 
to  be  the  same.  The  method  described  here  employs  the  equivalent  flap  theory  of  Jacobs  to  calculate 
the  equivalent  mechanical  flap  extension  of  every  spanwise  section  knowing  the  corresponding  jet 
blowing  velocity  and  then  uses  the  well  known  Multhopp's  lifting  line  theory  to  predict  the  spanwise 
load  and  Induced  angle  of  attack  distribution.  The  approach  adopted  here  calls  for  an  iteration  on 
induced  angle  of  attack  distribution,  starting  with  acre  throughout  the  span.  The  equivalent  wing 
shape  is  determined  by  going  through  lifting  line  theory  to  predict  the  load  and  now  induced  angle 
of  attack  distribution.  The  equivalent  wing  shape  is  then  recalculated  along  with  corresponding 
load,  and  induced  augle  of  attack  distribution,  until  the  process  converges.  Once  the  circulation 
distribution  is  known,  pitching  moment  is  easily  obtained  as  the  integrated  (spanwise  and  chordwise) 
result  of  the  product  of  density,  velocity,  circulation  and  distance  from  the  moment  contor.  Pitching 
moment  of  the  fuselage  is  also  calculated  from  an  empirical  formula.  The  method  has  the  capability 
of  handling  leading  edge  flap  along  with  the  more  conventional  trailing  edge  flap. 
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FIGURE  60.  GEOMETRY  OF  AIRFOIL  WITH  JET  AUGUMENTED  FLAP 


From  geometric  consideration,  the  following  relations  can  be  derived. 


*=  — (i  •+  cos  ip) 
d  c> 

Cfi  rmd  -C  =  c'  —  — (1  COS ~  -(1  -  CO5  0l) 

d  d 

C  =  d  —  Cfj  =  d  -  -(1-  costp i)  =  -(1  4-cosV^i) 
cfi  _  l  —  COS  0! 

c  I  H-  cos 


Again , 


df  =  d-  i(l  +  cos^)=  ^-(1  -  cos  i>0) 
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j  jf  g/ 

Cf  *>  Cff  —  -(1-  cos0«)~  -(1  -  COS0l)  —  jpfcos^i  -  cos0,) 

'V  COB  01  —  COS  0o 
C  1-J-COB01 

Cf 

— (1  4“  COS  0t)  «  COS  til  —  cos  0O 
c 

Cf 

COS  00  *■  CO!  \il - (l+COS0i)  (TV—  1) 

c 


The  circulation  distribution  7  (0)  over  a  thin  airfoil  with  leading  edge  flap  deflection  <5„,  trailing 
edge  flap  deflection  6?  and  overall  angle  of  attack  a,  is  given  by  Glauert  as, 


**)-  !r[- *•)•“  f 

As  per  Jacobs  equivalent  flap  theory,  the  length  of  the  equivalent  flap  extension  can  be  calculated 
by  equating  the  Integrated  lift  over  its  length  with  the  vertical  component  of  jet  reaction  lift. 


fO  , 

L]j  «■>*  pV r  /  'f(x)dx  ■»  MjVj  sln(5/r  +  6j  +  a)  {IV  —  3) 

W  C 

Substituting  *7(ar)  from  equation  (/V  —  2)  Into  equation  {IV  —  3)  and  setting  leading  edge  flap 
deflection  6n  to  be  zero,  we  get, 


M. 

hfiVr 


W*MSr  f  %  +  «>-!  / 

(■ 


+0|n.ni  +  lu|^|} 


sin  0d0 


{IV -A) 


The  integral  on  the  right  hand  side  of  equation  {IV  —  4)  has  been  evaluated  separately. 
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Defining  the  bloving  coefficient  with  respect  to  the  equivalent  chord  c*  as, 


we  can  rewrite  equation  (IV  —  4)  as: 


C'j  sin  (6r  +  Si  +  a)  —  - 


^  yvT  v 


(6ri>t  +  aw)(ipi  —  slnV'O-l-MtMln^# 


aln  ^7^1  V 
-KcosV>i-co»0.)-ln^g^| 


Knowing  the  relation  between  c  and  a',  we  can  write 


C\  «  C. 


1  +  COS^i 


where  Cj  is  obtained  by  the  procedure  given  in  Appendix  H 
Hence,  equation  (IV  —  5)  transforms  to: 


(IV  —  5) 


(/V-fl) 


_  l  +  cos^t  t  /c  ,  1  ,  \  2 

ci - 2 - “  +  Sj  +  a)  ■■  - 


-HmV'i  sin  rpt  +  (cos  Vh  —  cos^#)ln 


(6/r\pc  +  a?rX0i  -  sin  tf»i ) 

sin : 


sin 


(IV -T) 


Equation  (IV  —  7)  Is  valid  for  a  2-D  airfoil.  The  three-dimensional  effects  express  themselves  only 
in  changes  of  angle  of  attack.  For  a  3-D  wing,  Equation  (IV  —  7)  should  be  modified  as: 


.  |  sln(gy  +o-ffy  -  an)  -  sin  o<  |  ^|(W, +  off)(V»i  -  *Mi) 


H 


-Hrjtfi  sin  rp0  +  (cos  ipi  -  cos  ipt)  In 


(IV -8) 


Equations  (IV  —  1)  and  (/V  —  8)  must  be  solved  simultaneously  for  the  two  unknowns  ip0  and  ipi, 
This  problem  is  transformed  into  finding  one  unknown  in  one  equation  as  described  below. 

Let 

cos  ipi  =  y 
sln^i  =  s/l  —  !/2 
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From  equation*  (IV  —  l), 


and 


ef 

cos^-y-  --(1  +  v) 

c 


sin  1>t  —  +  y)) 


Also  , 


V  2  2  /  2  2  2  2 


and 


Substituting  these  In  Equation  (/V  —  8)  we  get, 


^(^-—jjsl^^+^+a-oO-sJnoiJ  -  £  jVcoiT 1  ^y  -  j(l  +  rij+airj'fooa-1  y-\/l-  ya) 

+*r  ■  |  cos'"1  y  •  ^1  ”  (v  “  “(H- »)) 


+— (1  +  V)  •  In  -^=1^  J ^=.-1^ — — I  \Z ■=}  (IV  —  9) 

c  4.  yi±tdffiW.+rt  ■  y^JJ 

This  is  a  transcendental  equation  In  one  variable  y.  Initially  we  assume  Induced  angle  of  attack 
a i  to  be  zero  throughout  the  span,  Then  knowing  Cy,  6?,  6 j,a,e,c/  for  each  and  every  spanwise 
section,  equation  (IV —9)  Is  solved  for  y  by  a  multivariate  search  program  [17]  for  error  minimization, 
Once  y  has  been  obtained,  \p\ ,  rp9,  and  c'  can  be  determined  from  the  relations  developed  earlier.  That 
means  ,  we  can  replace  our  Jet  dapped  wing  by  the  actual  hard  wing  and  a  hypothetical  extension 
of  the  mechanical  flap  In  the  same  plane  as  the  actual  flap.  Now,  the  spanwise  lift  distribution,  lift 
curve  slope  and  overall  Cl  can  be  calculated  by  the  well  known  Multhopp's  Lifting  Line  Theory. 
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r* 


a 


The  Input  for  Lifting  Line  Theory  will  need  the  local  chord  and  effective  angle  of  attack  (or.)  for 
each  spanwlse  section.  The  last  term,  according  to  Glauert,  can  easily  be  obtained  as 


-  d<*  * 


where 


da 

dip 


y/xF(l  -  XF)  +  sin _1A, 


Xf>  = 


4 

c> 


The  output  of  Multhopp's  program  will  contain  spanwlse  variation  of  Induced  angles  of  attack  which 
then  can  be  fed  In  equation  (/V  —  9)  to  obtain  a  new  set  of  y,  le.,  a  new  equivalent  wing,  which  will 
produce  another  set  of  induced  angles  of  attack.  This  process  Is  continued  until  the  induced  angles 
of  attack  In  two  successive  Iterations  matches  within  the  desired  accuracy. 


E 

i 


i 


Pitching  moment  of  an  airfoil  with  jet  augumented  flap  can  be  written  as; 


€  0 

Af  _  -pvT  J  7(*X*  +  *)d*  +  pV t  J  i(x)(x  +  *)dx  -  j  sln(fa  +  +  *)  (/V  —  10) 


“  —pVr  J 7(0)j^-(l  +  cos0)  +  pe'J^sin0d< 
V>i 

+pVT  J  '7(0)jy(l  +  eos0)  +  pe'J^»ln0d0 

-j‘iln(«/r  4-  a,)j^(l  +  cos  00  +  pc'  J 
* 

J2  t 

A t  m,  —pVt—  j  7(0X1  +  cos  0  +  2p)sln0# 
2 

-\-pVt^£  J  7(0X1  + coi0  +  2p)aln0d0 


-j  »in(«^  +  tf,)-(l  +  cos  0t  +  2p) 
In  non-dimensional  form  equation  (/V  —  11)  can  be  written  as: 


r*  n  1 

m  "  ipVrac>a  *"  2  VT 


n 

/  '7(0)(l  +  cos  0  +  2p)  sin  0d0 


+  2 ffr  J  7(0)(1  +  cos0  -f-  2p)sin0d0 


-^sln(a,r  +  ^)(- 


+  cos  0i  +  2p> 


(/V  —  11) 


(TV  -  12) 


The  integrals  In  equations  (/V  —  12)  have  been  evaluated  separately. 


The  pitching  moment  coefficient  based  on  the  actual  airfoil  chord  Is  then 


C’m  “ 

Rewriting  equation  (IV  —  11)  we  obtain; 
pVr  Va 


+  COS01  . 


(IV-  13) 


M 


4 

pVr  Va  I 


(1  +  4p)(df'V'»  +  an)  +  6y  sin^0{  2(1  +  2  p)  +  cos  0, 


!] 


4ff 


(fiy\JJo  4 


air)  j(0i  -  s 


sln0i  cos0i)  +  4>>(0 i  —  sin  0i ) 


4*^ 


Mi.' 


?**  V 


1 2(1  +  2p)(cos 0«  ~  cos0|)  +  j(cos2V)0  —  cos 20i ) ] 


+2(1  +  2p)Mh  flnt/). 


-£{ 


cos  20((2  sin  0#  sin  V'i  +  -  sin  20i  sin  20# ) 

■ 


—  sin  2  V'# 


f  01  +  2  sin  0i  cos  0„  +  (cos  20,  —  sin  20# )  •  (cos  20i  +  sin  20i  — 


-  MjVj  sin(0yr  +  <5j)-(l  +  cos  0i  +  2p) 


(/V  -  14) 


Equation  (IV— 14)  Is  the  expression  for  pltchlug  moment  for  unit  span  wise  length.  First,  two  terms  of 
the  right  hand  side  have  to  be  multiplied  by  unit  length  In  order  to  get  consistency  In  units ,  whereas 
ASf,  In  the  last  term  donotes  mass  flow  rate  per  unit  span.  All  the  terms  In  right  hand  side  have  to  be 
divided  by  pc(l,o.,32.174  lbm-ft/lbf-sooa)  If  the  final  result  is  desired  In  English  Engineering  Unit, I, o., 
ft-lbf.  The  contribution  of  the  fuselage  to  the  pitching  moment  can  be  estimated  as  follows.  As  per 
Max  Muak,  for  a  very  slender  body  of  revolution,  the  variation  of  the  pitching  moment  with  angle 
of  attack  lu  degrees  Is  a  function  of  the  fuselage  volume  and  dynamic  pressure, 


rfAf 

da 


Volume 

28,7 


(/v  -  in) 


This  oxprosslon  Is  corrected  by  n  factor  (/0a  —  A't).  which  Is  a  function  of  fuselage  II  lie  ness  ratio  as 
given  by  Perkins  and  Hage  [18],  figure  l>-13,  p,  226. 


dM 

dev 


Volume 

28,7 


•  (i  ■  ( A'a  —  K\ ) 


(/V  -  10) 
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For  the  JET  WING  aircraft  the  fineness  ratio  Is  10.  Correspondingly,  Ka  —  K\ 
equation  (/V  —  16)  can  be  written  as: 

~  -«  0.033101  •  Volume .  q 
da 

Therefore,  the  pitching  moment  contribution  of  the  fuselage  Is 


0.03.  Hence, 


(IV  - 17) 


Mru  -  0.033101  •  Volume  *7-0  (IV  -  18) 

The  overall  pitching  moment  coefficient  can  bo  calculated  by  summing  up  Individual  moments  for 
all  the  spanwlse  sections  of  the  wing  along  with  the  fuselage  pitching  moment,  and  then  dividing  by 
the  product  of  the  dynamic  pressure,  actual  gross  wing  area  and  mean  aerodynr  0  chord. 


The  method  described  here  has  been  coded  In  FORTRAN.  The  code  comprises  of  around  700 
instructions  and  occupies  a  core  memory  of  about  40  blocks  (1  block—512  bytes).  The  computer  time 
requlrod  In  a  VAX-11/780  system  for  each  combination  of  Cj,  5f,and  a  (with  a  varying  betwoen  0° 
and  30°  In  steps  of  5°)  does  not  exceed  5  minutes  for  the  cases  for  which  results  have  been  Included. 
Figure  61  thru  figure  66  show  the  comparison  of  predicted  values  of  Ci,  vs,  a  and  Ct  vs.  Cm  with 
that  of  full  scale  wind  tunnel  experiments  for  the  JETWING  aircraft  with  the  upper  wing  removed. 
Figure  67  thru  figure  71  show  the  predicted  spanwlse  distribution  of  local  Ct  and  local  Cm. 
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SECTION  V 

DISCUSSION  OF  RESULTS 

METHOD  1  (Williams).  An  figures  44  thru  47  show,  this  method  matches  the  experimental 
data~rea*onably  well,  the  errors  being  less  than  10  per  cent  for  all  conditions  except  low  blowing 
coefficients  and  high  angles  of  attack  (a  >  15"). 

In  these  cases  the  losses  of  lift  shown  by  nonllnearlttes  In  the  wind  tunnel  data,  are  obviously 
due  to  flow  separation,  which  cannot  be  predicted  by  this  method.  Separation  effects  and  incomplete 
turning  of  the  jet  sheet  also  account  for  the  lower  values  of  experimental  data  versus  the  theoretical 
curves  In  the  case  of  high  flap  deflection  (i?  —  45°),  figure  47, 

An  Inherent  flaw  of  the  method  is,  that  for  blowing  coefficients  Cj  «=  0,  it  Is  insonsltlve  to  flap 
deflection,  leading  to  large  errors  for  no  blowing,  flaps  down  configurations. 

The  slopes  of  the  theoretical  curves  are  throughout  slightly  steeper  than  the  experimental  curves. 
Therefore,  the  method  tends  to  underpredlct  at  low  angles  of  attack  and  overpredict  In  the  high 
derange.  A  better  slope  matching  can  obviously  be  achieved  by  Improving  the  Q(vCta)  term  In 
equation  (If  —  12).  This  improvement  Is  currently  being  Investigated. 

Figures  (48-61)  show  the  lift  coefficient  plotted  against  excess  thrust  coefficient.  Again  the 
theory  tends  to  overprediot  the  experimental  data,  particularly  for  higher  flap  deflections  and  blowing 
coefficients.  This  can  largely  be  explained  by  the  fact  that  the  ram  drag  In  the  theoretical  prediction 
method  has  not  been  accounted  for.  For  low  speed  and  smalt  Cl,  (result  of  small  a  and/or  small  S?), 
ram  drag  can  be  approximated  as  the  product  of  density,  Inlet  area,  and  square  of  true  airspeed. 
This  result,  when  divided  by  gS,  can  be  considered  as  a  first  approximation  of  ACo*  for  ram  drag. 
It  mny  be  further  simplified  to  twice  the  Inlet  area  divided  by  8,  a  constant  for  all  Cj,a  and  5jr. 
Addition  of  the  ram  drag  (AC#*)  to  the  theoretical  Cl  vs,  cy„  curves  would  bring  them  closer 
to  the  experimental  curves.  However,  in  the  wind  tunnel,  high  Cj  was  obtained  by  reducing  q  (l.e., 
blowing  down  the  tunnel)  while  keeping  the  engine  RPM  constant.  This  procedure  Increases  ACc, 
for  ram  drag  with  increase  of  Cj  as  is  reflected  In  the  comparison  plots  (figures  48  thru  51). 

Further  simplifying  assumptions  In  equation  (//  —  15)  neglecting  losses  due  to  Jot  turning  and 
non  elliptic  lift  distribution  also  can  partially  account  for  the  difference  between  theoretical  results 
and  wind  tunnel  data. 

METHOD  2  (Wertz).  As  figures  52  thru  59  show,  this  method  generally  matches  the  experimen¬ 
tal  data  even  "better  than  method  1,  the  errors  being  less  than  5  per  cent  for  most  conditions.  Again, 
where  separation  or  nonldcal  turning  of  the  jet  sheet  occurs,  the  errors  become  largo  since  the  method 
cannot  predict  these  effects. 

At  zero  flap  deflection  this  method  undorprcdlcts  slightly  for  nil  blowing  coefficients  (figure 
52).  The  break  up  into  components  of  basic  aerodynamic  pressure  lift,  superclrculution  lift  und  Jet 
reaction  lift  (figure  56)  shows,  thut  the  error  stems  mainly  from  an  underprcdlctlon  of  superclrculution 
lift.  A  possible  explanation  may  be  the  uuaccountlng  for  of  soiuu  additlonul  circulation  lift  duo  to 
the  Jet  sheet  blowing  over  the  top  surface  of  the  airfoil.  This  will  bo  presented  in  more  detail  under 
the  discussion  of  method  3. 
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A s  figures  57  thru  50  show,  for  flaps  down  and  high  blowing  coefficients,  the  supercirculation 
lift  is  somewhat  ovorpredlcted.  Again,  this  may  be  partly  due  to  separation  effects  and  insufficient 
turning  of  the  Jet  sheet.  Another  cause  can  be  seen  In  the  tail  down  load,  which  reduces  the  lift 
coefficients  of  the  wind  tunnel  data.  The  slopes  of  ail  the  theoretical  curves  also  compare  very  well 
with  the  wind  tunnel  data,  giving  confidence  for  the  Cl  a  terms  in  equation  (///  —  43). 

METHOD  3  (Jacobs!.  As  figures  61  thru  64  show,  the  differences  between  the  theoretical  curves 
generated  by  this  method  and  experimental  results  are  greater  than  in  the  previous  methods. 

It  is  quite  obvious  that  for  Cj  -»  0  cases,  C[,  is  being  overpredicted  for  all  but  when  5/r  —  0. 
A  possible  cause  for  this  is  the  nozzle  on  the  upper  wing  surface,  causing  the  Sow  to  separate, 
substantially  reducing  the  lift  generated.  For  6y  «=  0,  the  flow  may  reattach  Itself  on  the  upper 
surface  somewhere  downstream  of  a  “separation  bubble".  In  this  case  there  would  be  practically 
no  loss  of  lift.  Again,  for  Cj  >  0  cases,  Cl  Is  consistently  being  underpredicted  for  ail  Sf.  Also, 
this  shortfall  in  Cl  Increases  with  increasing  a  and  increasing  Cj,  This  can  be  explained  by  the 
fact  that  Jacob's  Equivalent  Flap  Theory  assumes  the  Jet  being  Issued  at  the  trailing  edge  of  the 
mechanical  flap,  whereas  in  reality  the  nozzle  exit  Is  situated  somewhere  around  33%  of  the  chord 
back  from  the  wing  leading  edge. 

This  leads  to  two  opposing  effects;  First,  the  actual  lift  Is  lower  than  the  theoretical  lift  duo  to 
scrubbing  losses  of  the  Jet  sheet  on  the  upper  surface.  Hence,  equivalent  flap  length  and  resulting 
theoretical  lift  should  have  been  smaller  If  the  Jet  velocity  at  the  trailing  edge  was  used  Instead 
of  actual  nozzle  exit  velocity.  Second,  the  actual  lift  is  higher  than  the  theoretical  value.  This  Is 
due  to  the  increase  In  velocity  on  the  upper  surface  of  the  wing,  induced  by  the  Jet,  which  also 
causes  circulation  to  Increase.  This  additional  circulation  Is  directly  proportional  to  the  velocity 
difference  between  the  upper  and  lower  wing  surface,  and  should  more  than  ofhot  the  loss  due  to 
scrubbing.  Again,  It  is  easy  to  see  that  with  increasing  Cj  this  additional  lift  will  also  increase, 
This  additional  supercirculatiou  lift  is  produced  in  the  rear  portion  of  the  wing  which  generates  an 
additional  negative  pitching  moment.  Hence,  if  this  lift  is  accounted  for,  the  predicted  Cl  should 
be  more  positive  and  Cm  more  negative  than  the  present  values.  This  change  would  bring  the 
theoretical  Cl  vs.  Cm  plots  closer  to  the  experimental  plots. 

One  possible  disadvantage  of  the  method  is  that  the  Jet  blowing  velocity  distribution  as  a 
function  of  thrust  or  engine  RPM  is  needed  as  an  input.  For  the  JETWING  this  was  measured  by 
means  of  the  laser  veloolmeter  as  reported  In  [1].  Together  with  thrust  measured  by  dynamometer, 
it  provided  the  required  input  data.  But,  for  the  design  team  at  the  conceptual  design  stage,  this 
Information  would  not  be  available.  So  this  method  would  be  more  suitable  to  analyze  the  existing 
aircraft  based  on  the  USB  concept. 

Another  problem  for  the  Equivalent  Flap  Theory  Method  Is  that  for  high  Cj,  particularly  If 
coupled  with  high  Sr,  computer  convergence  on  the  Induced  angle  of  attack  may  be  unreasonably 
time  consuming.  However,  as  far  as  computer  time  is  concerned,  It  has  been  found  to  be  satisfactory 
up  to  approximately  Cj  ■■  i  and  Sr  “  30®,  For  lower  Sr,  higher  values  of  Cj  can  be  used  In  order 
to  achieve  comparable  run  time. 

Multhop's  Lifting  Line  Theory  is  used  here  because  of  its  simplicity.  Another  method  can  be 
used  in  its  place  If  better  accuracy  is  desired. 

Work  Is  presently  underway  to  predict  the  unaccounted  for  jet  Induced  superdrculatlon  lift, 
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COMPARISON  OF  THE  METHODS' 

Method  1  (William*)  I*  conceptually  the  simplest  and  requires  the  least  computer  time.  It 
permit*  computation  of  Cl  vs.  a  as  well  a*  Cl  vs. 

Method  2  (Wertz)  requires  only  a  little  more  calculation  and  programming  than  method  1 
and  permits  the  total  lift  to  be  broken  down  Into  components  of  basic  aerodynamic  pressure  lift, 
suporcirculalion  lift  and  vectored  thrust  lift.  It  shows  the  overall  best  accuracy  for  the  JETWING 
Ci,  vs.o  plot*. 

Method  3  (Jacobs)  requires  the  highest  computational  effort  of  the  throe.  However,  It  can 
still  be  considered  simple  conceptually  and  from  an  analytical  standpoint  when  compared  to  other 
sophisticated  methods  [8,7],  which  require  much  more  computer  storage  space  and  time.  Tho 
predicted  Cl  values  do  not  match  the  JETWING  wind  tunnel  data  as  well  as  tho  two  other  methods 
do,  However,  this  method  does  give  pitching  moments  and  their  slopes  (ilguros  65  and  66). 
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CONCLUSIONS 
Part  I 

1.  With  exception  of  lift  coefficient  versus  angle  of  attack  data,  there  Is  excellent  agreement 
between  the  wind  tunnel  and  flight  test  performance  results  for  this  configuration. 

2.  The  agreement  between  wind  tunnel  and  flight  test  results  for  lift  coefficient  versus  angle  of 
attack  is  probably  as  good  as  can  be  expected  considering  the  measurement  accuracies 
and  data  reduction  technique  required. 

3.  The  NASA  Ames  Research  Center  wind  tunnel  data,  as  verified  by  this  and  the  previous  flight 
tost,  [1]  is  of  sufficient  validity  to  use  for  extrapolation  to  other  flight  vehicles  employing  the 
Jetwing  concept. 

4.  The  performance  difference  between  the  upper  wing  installed  and  upper  wing  removed 
configurations  pose  some  Interesting  questions  concerning  the  thickness  of  the  blowing  jet. 

5.  Longitudinal  handling  qualities,  particularly  longitudinal  stability  are  Improved  by  removal  of 
the  upper  wing.  Other  handling  qualities  are  essentially  unchanged. 

6.  Flyover  noise  levels  for  the  Jetwing  aircraft  are  very  low  and  disappear  Into  the  background 
noise  levels  In  light  wind  conditions. 

Part  II 

1.  Simple  analytical  methods  to  reasonably  predict  lift  and  excess  thrust  coefficients  for  other 
aircraft  employing  the  Jetwing  concept  have  been  demonstrated  In  this  report. 

2.  Accurate  prediction  of  pitching  moment  coefficient  for  Jetwing  configuration  Is  more  difficult. 
However,  a  method  Is  shown  In  this  report  which  will  give  reasonable  estimates  of  the 
longitudinal  stability  parameter  dCM/dCi ,. 
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3.  Accurate  prodiction  of  pitching  moment  coefficient  for  Jetwing  configurations  appears  to  require 
the  use  of  the  more  complex  vortex  lattice  methods  which  were  beyond  the  scope  of  this  effort. 
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RECOMMENDATIONS 
Part  1 

1.  On  future  programs  using  the  Jetwing  aircraft  a  more  accurate  method  for  measuring  angle  of 
attack  should  be  devised. 

2.  The  NASA  Ames  Research  Center  wind  tunnel  data  on  the  Jetwing  Aircraft  should  be  used  for 
extrapolation  to  other  aircraft  designs  employing  the  Jotwing  concept. 

3.  The  reasons  for  performance  and  handling  qualities  dlffii  onces  of  the  Jetwing  airplane  with  and 
without  the  upper  wing  require  further  Investigation  since  they  may  have  Implications  for  nil 
Upper  Surface  Blowing  configurations. 


Part  II 

1.  Since  lift  and  excess  thrust  coefficients  can  be  reasonably  predicted  for  Jetwing  configurations 
(using  the  simple  methods  described  in  this  report)  future  effort  should  be  concentrated  upon 
predicting  stability  and  control  parameters  such  as  pitching  moment  coefficient  and  downwash. 
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APPENDIX  I 

gQME-REMARKLQ^..P^QWESg  C.QEFFICIEftil 

A  key  parameter  in  the  theoretical  and  experimental  treatment  of  powered  lift  is  the  blowing 
coefficient 

~  MjVj 

W  =  — -g— 

qS 

where  MjVj  =  J  is  the  jet  momentum,  which  can  be  measured  experimentally  and  represents 
the  product  of  actual  values  of  mass  flow  rifj  and  Jet  velocity  Vj.  For  design  purposes  these  two 
quantities  are  usually  determined  theoretically  by  assuming  nonviscous  isentropic  flow.  The  ideal 
values  Mfj  and  VM  can  be  used  for  the  definition  of  the  blowing  coefficient 

~ r 

This  theoretical  blowing  coefficient  Cp  is  usually  higher  than  the  corresponding  actual  blowing 
coefficient  Cj,  since  viscous  effects  reduce  nozzle  exit  areas,  result  in  scrubbing  losses,  etc.  Therefore, 
for  accurate  predictions,  appropriate  corrections  have  to  be  made. 

Another  problem  occurs  through  the  use  of  the  wing  reference  area  S  for  partially  blown  wings. 
Basic  theoretical  prediction  methods  like  Spence  [9]  are  based  on  a  lifting  surface  with  full  span 
blowing  and  do  not  consider  fuselage  cut-out  or  part-span  blowing.  The  overall  three-dimensional 
blowing  coefficient  Cj  of  a  part-span  blown  wing  does  not  represent  the  same  blowing  per  unit  span 
as  the  blowing  coefficient  Cj  of  the  full-span  blown  wing. 

If  we  compare,  for  example,  two  wings  with  the  same  reference  areas,  one  full-span  blown  and  the 
other  half-span  blown,  then  for  the  same  blowing  coefficient  Cj  the  sectional  blowing  intensity  per 
unit  span  J/b  would  be  twice  as  high  for  the  half-span  blown  wing. 

In  using  the  theoretical  formulae  that  were  derived  from  full-span  blown  wings,  it  is  important  to 
use  similar  blowing  intensities  for  calculation  of  derivatives  etc.  Therefore  the  blowing  coefficient 
has  to  be  modified  for  part-span  blown  wings  by  defining  a  "mean  sectional  blowing  coefficient" 


MjVj 

qS> 


where  S'  Is  the  wing  reference  area  corresponding  to  the  spanwise  extent  of  blowing. 
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In  our  example 
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S 


and 

Cj  =  2  Cj 

Then  the  blowing  intensity  MjVj(b  Is  the  same  for  both  wings.  This  correction  is  used  by  Williams 
in  Method  1 . 

Others  also  consider  the  “carry  over  effect"  that  the  blown  portion  of  a  part-pan  blown  wing  has 
on  the  unblown  areas,  by  defining 


s"  s=  s'  4-  ^Sco;  Sco  =  s  —  s' 

Then  the  modified  sectional  blowing  coefficient  becomes 


r  MjVj 
Ci 


This  correction  is  used  by  Wertz  in  Method  2.  He  uses  as  symbols  Cj  and  CL  which  he  calls  the 
three-dimensional  configuration  factor, 

To  avoid  confusion  we  have  used  only  overall  three-dimensional  blowing  coefficients  C j  and 
corrected  two-dimensional  “sectional"  blowing  coefficient.-,  Cj  in  this  report.  It  is  understood  that  Cj 
refers  to  experimentally  measured  values  of  the  jet  momentum  J  or  properly  corrected  theoretical 
values.  The  sectional  coefficients  Cj  are  defined  by  means  of  reference  areas  S'  or  S"  under  the 
particular  methods. 
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PROCEDURE  FOR  EVALUATION  OF  SECTIONAL  BLOWING 
COEFFICIENT  IN  METHOD  3 

In  equivalent  flap  theory,  the  following  procedure  has  been  adopted  for  the  evaluation  of  spanwise 
variation  of  two-dimensional  “sectional"  blowing  coefficient  Cj  from  the  input  data  of  jet  velocity 
and  nozzle  area  distribution  : 

From  the  definition  of  three-dimensional  blowing  coefficient  C/  =  true  airspeed  can  be 
written  as : 


As  laser  velocimeter  data  of  Jet  velocity  distribution  for  were  thought  to  be  most  reliable, 

these  data  were  used  as  input.  Correspondingly,  Fa  was  obtained  as  a  function  of  V?  at  that 
particular  RPM  (i.e.,  55%N\)  from  the  thrust  calibration  plot  (figure  40  [1]),  Finally,  Fa  and  Vy 
were  obtained,  for  the  desired  value  of  Cj,  as  the  result  of  an  iteration  between  the  expression  of 
Vf  and  the  data  from  the  thrust  calibration  plot.  Since  the  laser  velocimeter  data  were  obtained  at 
static  condition,  It  was  felt  necessary  to  translate  that  data  to  any  airspeed  which  was  determined 
as  a  result  of  aforesaid  iteration.  Then  C}  for  unit  spanwise  distance  at  any  spanwise  section  was 
obtained  as :  . 

r  _  _ 

1  ~  ,fVjc ' 

where  Fao  »  static  thrust  at  56 %Ni 
and  dj  —  area  of  the  nozzle. 
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